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PREFACE 


So much space lias been necessanly occupied by tbe lmpoilont matteis 
tieatcd of at the beginning and end of the piesent volume, that without 
unduly mcieaBing its alieady luige bulk and fuithei postponing its publica- 
tion, it has been found impossible to punt scveial papeis of mteiest which 
have been sent m 

Tho Editoi feels snie that tho publication of the Casemate and Shield 
Experiments will be hailed with gcneial satisfaction, and that ho may 
express the thanks of the Corps to Lieutenant-Colonel Inglis foi the pains he 
has bestowed upon these valuable papeis 

Papers foi disoussion at occasional meetings will be gladly received, 

C. S HUTCHINSON, 

Lieutenant-Colonel It E , 
Editor. 

Railway Department, 

Board of Trade, 


.^Jan,, ISIO 



NOTE TO PAPER X 

(On the Statical Pressure produced by impact of a falling -weight ) 


Owing to an oversight m the preparation of Plate II, the ordinates, repie- 
senting piesstnes producing extension and permanent set in aimour bolt iron, 
are only shewn to ho about two-thnds of then propel amounts 
The mean extension of armoui-bolt iron should be 0 01 of the total length, 
undei a piessuie of 1,728 tons on the squaie foot, and 0 10 of the total length, 
under a pressure of 2,600 tons on the square foot 
The mean permanent extension should he 0 002 of the total length, undei a 
piessure of 1,850 tons on the square foot, and 0 06 of the total length, under a 
pressuie of 2,500 tons on the square foot 
The coirected mean curves me shewn m thick black dotted lines on Plate II. 
The numerical results of the example, (page 136), with these data, will bo as 


follows , 

Maximum pressuie between boltand suppoits . .. 106 75 tons 

Maximum extension of bolt . 0 178 feet 

Maximum compiession of supports ... Oil feet 

Work absorbed by bolt ... . 15 06 foot-tons 

Woik absoibed by supports . 6 88 foot-tons 

Maximum piessure between bolt and supports, correspond- 
ing to observed permanent extension of 0T2 feet , . , 


107 
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PROFESSIONAL PAPERS. 


PAPER I. 

MONCRIEFF S SYSTEM OF WORKING ARTILLERY. 

By CAPTAIN MONCRIEFF. 

As the pnmaiy put of this system, viz , the Moncrieff carnage and battoiy, 
m one foim, is now pretty well known, it may ho as well to direct attention to 
a few of those developments of it, which have occupied my attention, paitiou- 
laily as some of the detuls connected with the carnage can only be explained 
by doing so 

The system is not, as many suppose, confined to the carnage and batteiy 
which now beais my name, but, among other things, it applies to a method of 
disposing of these carnages and batteries m snch a manner as to get the greatest 
results from them , in otlici woids, to obtain the gieatest efficiency from the 
smallest numbei of gunB, men, and money 

It also embiaces the tactics of defence foi given positions, no unimportant 
element of success, as the history of the naval operations m the late American 
wai will tostify, and which has been, perhaps, too much neglected in this 
countiy 

The dispositions for working batteries on this systom would always be 
devised in conceit with what has leeeived mote attention, viz , the anangements 
for laying obstructions and firing torpedoes 

This is not the place to discuss the details of this blanch of the subject, it is 
enough to state that the possibility of working detached batteues m concert 
with one another has been demonstrated m one of my expeiiments before the 
Oidnanoe Seleot Committee, at Shoeburyness, and that simultaneous file can, 
therefore, he delivered from batteries on one, or both sides of a ohannel on an 
indicated ship 

I am also piepared to show, when the time arrives, that the position of 
any vessel Can be correctly laid down In each battery, at the same moment, 
by telegiapli, by a simple opeiation that at once gives the required range and 
the lateral position of a vessel, enabling the guns, by means of that comet 



2 MONCRIEFf’s SYSTEM or WORKING AR1ILL1 rt\ 

lange, to bo laid undcl covoi as well as cui they have houi laid directly imd 
singly. 

'llus pait of the system might lio applied with some advantage to ousting 
anangements, but in a fui moio complete and satisfactoiy ntunnci to that 
nirangement to which it belongs 

Thom these 1 emaiks it Mill be obseived that the carnage and batteiy aie only 
the means by which vciy unpoitant ends aie sought to lie obtained, among 
which lanks fii st a consistent and complete system of defeuce, m which aitil- 
leiy is enabled to act undu conditions of efficiency, covei, and economy, not 
hithcito attainable. 

The piesent encumstanoes of tins countiy, the emhniiassniont connected With 
the question of foitiflcation, aud also the cnoimous financial considerations 
connected with it, all combme to show that the adaptation of the new systoiu 
to existing foitifications is the one that must fiist be taken up 

Tn ouloi to give some idea of the probable financial lesults to be looked fot 
by discai ding tbe present system, (that is, the one foi which the new woiks are 
designed), and of applying the new system, as fai as possible, to these works, it is 
unnecessaiy to instance eveiy case 

It would take too much spaeo to discuss the appliance m connection with all 
those magnificent woiks which our engineers have elaboiatod for the defence of 
the gieat aisenals and dockyaids, the vital foci of tho foice of England against 
invasion 

The most advantageous foimof applying the new punoiple, in each oase, will 
be a pioblem in itself, and will requne much considetation and skill to obtain 
the best lesults, but ior the piesent piupose, that is, to amvu at an idea of the 
piobable saving, it is enough to take an llLustiation fieni ouc case— lot that be 
the defences of the 1 liames 

The fiist line of defence of the Thames, after passing tho Medway, consists 
of tluee foits foiming a tuangle, tho base of which is on the south bank Those 
foits are Cliffo, Coalhouse, and Shoine, each is calculated to mount about 
twenty 12-ton guns 

To complete tbe tljiee foits on tlio present system, with non tops, &c , foi 
which they have been designed, it would take piobably about hie jeais and 
£300,000 

If the Moncueff System is applied now to tlieBo woiks, it would save the 
expense of all the non and a gieat deal of masoniy, and enable the woik to he 
completed m one year 

This saving would not, howevei, he the measuio of tho gain by such a change 
of plan , for the guns would command a larger lange than they could pos- 
sess if woiked thiough ports, and would he more powerful nearly in propoi- 
tion to the mcieaseof lange Besides which, on a sudden emergency, the same 
guns would be available foi anothei disposition, if tho necessities of war , 
lequired it, and if such a disposition was expedient, aceitam numbei of them 
might be mounted on the new carnage in rear of tho soa wall, oi elsowheio, and 
waked theie with even greatei effect, in suppoit of the main position 
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If the concctness of this statement is conceded, it must be allowed that tie 
altoi native alluded to has a highei militaiy value than is expiessed by the 
meie saving of money That saving, liowevei , is small when computed to 
advantages which are within reach, when the works could he constructed 
entuely on the new system 

To illustiate the saving on each Moncueff camago employed, take the ease of 
a battery placed so as to command a channel ending round its whole fiont, hy 
the pi e.serit; system this batteiy must have at least thieo faces, because the guns 
on these faces, from the small angle which they tiaveiso at piesent, only bcai 
on the space m iiont of them, and do not eovei the gioundin fiont of the 
otheis 

If these guns weie mounted m one lme on the Moncueff System, they would 
all command the entue oncle, except the two dead points in prolongation of the 
flanks 

It may, theiefoie, be safely asseited that in this case each gun is quite thiee 
times as poweiful as if mounted in casemates or embrasuies 

If this be allowed, it is equivalent to saying that each gun might m such a 
case do the work of thiee guns, and it is not too much to say so , for although 
it might not be tiuo if the new guns only commanded thiee times the lateial 
lange of the otheis, it is so when the power of concentiating all the guns at 
once on nearly eveiy point, and of flung to the ieai is taken into account 

It follows, therefoie, that in this case one Moncueff gun is as valuable as 
thiee guns on the piesent system. It is not wished, liowevei, only to compaie 
one gun with thiee, but a ceitam numbei of guns in a senes of batteues, with 
the inoi eased numbei requited to do the same woik 

The estimate for obtaining the same results m each ease would, therefoie, 
stand thus, and when the items aie highei 01 lowei than those quoted, the 
saving pel gun may he amvod at by the same pioccss 
Present System 

3 uon casemates, capable of meeting the file of ships, with j ^ 


magazines, &c , complete at £5,500 each* . j 1 

3 12-ton 9-in guns at £940 . . 2,820 

3 platfoims and oaruages, at £421 , . 1,263 

£20,583 

Monorieff System 

1 Battery with magazines, &e , without iron , . £2,500 

1 12-ton 9-in gun . . . 940 

1 carnage and platform . , 1,000 

£4,440 

Saving on each Monorieff carnage . . . . £10,143 


* The Medway Forts, and such lll.o, uist, with lif inclioa ol lion, not leas tliau £3,000 per gun, 
and with 20 Inches of lion, not loss than £0,000 per gun 
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Talcing a less fnvouiablc oase, say an open battery with shields costing 
LI, 200 each, and wheie the guns Inn e not to command so wide a lange as in 
ho last case, foi example, Tilbnij, Giaiesend, Southsca Castle, dc 

Present System. 


Batteiy accommodation foi 2 guns, at £1,200 pei gun . £2,400 

2 non shields, at £1,200 . . . 2,400 

2 12-ton guns, at £940 1,880 

2 platforms and carnages, at £421 ..... 842 


£1,522 

Moncrieff System 

Batteiy accommodation for 1 gun . .... £1,200 

1 12-toil gun . . . 040 

1 carriage and platfoim, say . . 1,000 

£3,140 

Saving on each Moncrieff carnage . . £4,382 

*A 2-gun tunet, mounted on a pait of an existing work, with | £ 2 q qqq 

foundations, magazines, non, &o , costs . J ’ 

A parapet, magazine accommodation, foundations, &.c , foi 2 j g ggg 
Moucneff carnages, at most . . . j ’ 

£11,000 

Saving on each Moncrieff carnage . £8,300 

It should not he forgotten, in any estimate of this kind, that the reduced 
numhor of men reejuued, is itself a gieat elomont of economy, and that skilled 
aitilleiymcn aie not too numerous 

"With regaid to exceptional cases, wheie an eaithen glacis is not possible, the 
new carnage can always be made to act over a solid non paiapet. If this foim 
of constiuction is intioduced, the batteiy would be demi-casemated, as the non 
would be curved over the mtenoi slope, and afford complete cover fiom curved 
flie, as the form of the coinage admits of that iron being biouglit to within a 
few inches of the trunnion m the flung position 

"When flank enfilade is impossible , there is no reason why the guns should 
not be placed very close to one another, moie especially ovoi a casemated 
batteiy, as one foimof the carnage admits of suspended counterweight, m. 
which case the platfoim is not wider than the gun itself Drawings of this 

* It is taken foi gi anted that muralo pivotttng uuilagca are used In tlie tun ot, which would cost 
nlxhiL tlio same as Mondial! carriages. 
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form have not yet been submitted to the Government, but no doubt it will woik 
as well as the others, and will be valuable m some of the exceptional cases 
refened to 

Before dismissing this bianch of the subject, it is as well to allude to the 
splmtei-proof coveis that coil he applied, similai to those pioposed foi naval 
aitillery, on the Moncneff Principle, and which, no doubt, might be advisable 
foi batteries planted neai a navigable channel, to protect the detachments fiorn 
musketiy from the ngging of vessels These covers, if stiengthened, would 
make a Moncneff battery a casemate at a smaller expense than any other 
devised, although it is confessed that it would be necessary in very few positions 

The plan and profile of a Moncneff batteiy will be found to give veiy con- 
siderable facilities foi placing and arranging the magazine accommodation, and 
for getting bomb-pi oof covei. 

It has been gravely urged against the proposed system by the advocates of 
the present one, that the Moncneff batteiy is not pioteeted in the same mannei 
from assault as the iron foits, -which have ditches, caponiers, &e. 

The same objection might be taken to an iron shield, whioh is a still more 
helpless thing, per ae, than a gun pit 

The fact is, that the new Bystem is not only compatible with the old appli- 
ances for meeting assault but has also a few impoitant advantages of its own 
m this respect 

For instanoe, and confining the subject to coast defence, I should like to ask 
what aie the piovisions in most of oui coast hattenes against attack on the 
land side P 

If these hattenes are capable of being taken in reverse, which, of couise, 
they would be, if possible, by an assaulting pai ty, would they be in a better 
position foi self defence than if their guns were mounted on the Moncneff Sys 
tern P would it be any disadvantage to have guns that could open file to the 
lear as well as fiontP 

But even in defence of tho fiont against assault, is it not somotbing that 
each gun is capable of sweeping the whole oiest of the parapet, whioh is mipos 
sible with embrasuies and casemates ? Would the mode ot assault by throwiug 
budge laddeis over the ditch (whioh has lately boen recommended), become a 
more easy operation under this condition P 

It is scaicely logical to urge that because the new system is highly adapted 
for temporary works where mfantiy lines and plenty ot bioedi-loading ammu- 
nition is made to supply the place of peimanent fortifications, therefoie it is 
not so secure as an iron work 

A proposal for massing artilleiy matenel ,at ceitain pomtB, leaving it to ho 
applied at need in temporary hattenes, is slightly touched on in the following 
lemarks This, in my opinion, is second m impoitance to none of the other 
considerations From want of time, however, few of the designs for the appliances 
and carriages requited, are completed It would take a long time to do any 
justice to the woik lequired for this puipose, hut by no other known method 
could batteries strong enough td aot agamst ships be extemporized 
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Anotliei very important bianoli of tlio subject is omitted altogether via , the 
sj stem as applied to siege guns and oidmni j guns of position in which mobilitj 
is the mam featme In a futuie paper I hope to bo able to take up, m a more 
complete maunei, this subject, along with otlieis not jet touched on I also 
abstnin, at piesent, fiom discubsmg the application of the sjstem to gun baiges, 
Heating forts, and ships I have been in con espondonce with the Admnalty m 
regaul to the last, since the 23id May, 1888 

Theie is also one moio application, which I wash to lofei to on account ot 
its impoitanoe, that is the application of this system to the class of mtillery 
which is at piesent only repiesented by tho 23-ton gun, but which, those 
who ought to know best, appeal to think will yet have heavioi lepicscntatives 
It is impossible to exaggeiate the impoitanoe of such aitilleiv m coast 
defence A 23-ton gun is a powei m ltBelf, a power that tlneatens tho existence 
of tho mightiest ship with a single shot It is a weapon, the like of which 
man never wielded till oui own time , and it is, theiofoie, vciy desunble that 
so important an individual should he left to do as much as possible when 
fighting foi us It is left to be decided by others, wbethei it is likely this 
system is the best suited foi such aitilleiy 
Before concluding these piofatory remarks, it may be well to indioatc a pro- 
pensity whioh is always liable to be developed m time of peace, and to leceive 
its punishment m time of wai 

This piopensity is simply a tendency to ovenate the powei of fixed defensive 
arrangements, and undeuate the effioacy, foi defence, of the powei to attack. 

The most foimidable thing an enemy has to encountci is not the iron case- 
mate or shields of a modem foitiess — it is tho deadly charactei of its file— it 
is the lapidity and dextentv of its aitilleiymen— it is the chaincter of then 
guns, and the completeness of those appliances which enable these guns to be 
laid in all directions, and to be woiked in concert by well devised tactics 

Theie is moie real defence in this power of attuck than can be got by oramp- 
mg the file with little poits, stifling the artilleijmon m close casematoB, and 
tiusting to ponderous and expensive walls of iron 

It may be most emphatically stated that the system now advocated does none 
of these things It is tine it gives piotection, but not at expense of efficiency , 
and I know that Butisb aitilleiymen will tlnow off these non defences, as 
gladly as they would tight tnmes, foi i eal action 

The veitical fiio aigument has been dneoted, with some assumed success, 
against the gun-pits, as a diversion m favour ot casemates for coast defence 
It is allowed to be lather difficult to hit a moving ship flora the most steady 
mortar battery on shore , but to lilt a gun-pit, whioh is not one-tlm tieth as 
huge an object as a ship, and that too fiom amoving mortai-bed on boaid ship, 
would be an event that peihaps it might be as well not to calculate on duimg 
• an engagement, but whioh might be looked for, with a sufficient numbei of 
mortal boats, about once a-weelc It is, theieforo, not too much to call it an 
assumed success 

If moitar piactice is made at an objeot such as a town, 01 even a fort, it can 
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be depended on , but a Moncneff batteiy, which occupies less space than any 
othei and is piotectcd in ieai as well as on the flanks, -would not be a convenient 
01 piufilable object to piactico at foi a long time, unless tho moitai boats could 
make themselves as invisiblo as the gun-pits, and had nothing else to do with 
then ammunition It ought also to be borne m mind, that a pioperlycon- 
stiuctod Moncneff batteiy 01 gun-pit is an invisible object, it cannot be seen 
fiom the piano on which it is placed, the momentary glimpse of tho gun (if 
noticed at all) and the cuil of smoke aie all that is observed, while every othei 
battery is a good standing taiget m companson 
On a late occasion at Shoebuiyness, 100 louuds weie filed at 800 ynids range, 
and, with all the appliances of the place, without a hit, at a low of expen- 
mental casemates, which cover a much laigei aica than docs a guu-pit 

The worst of vcitical file is, that the gieatest erroi anses fiom a defect that 
ismcuiable, that is, the impossibility of getting exactly the same results in 
foice fiom the same weights of gunpowdei, while the smallest diffeience m the 
charges, fiom atmosphoiic 01 othei causes, affects the range consideiably, and 
the erioi goes on mci easing with the lncieabed range 
While the powei of duect file has been increased in the most marvellous 
manner by late impiovements in oidnance, veitical file remains not much 
bettei than it was in the infancy ot artilleiy 
One othei impoitant condition lequues romaik, that is, the lapidity with 
which the guns can bo fired It will be easily understood that in tho lecent ex- 
periments at Shocburyness the full speed was not attained I undeitake, when tho 
time aim os for doing so, to increase tho rapidity of fire considerably 
It is tho opinion of piaetical Aitillety Otfieeis, who have been handling the 
present carnage lately, that they can woik it as fast, if not fastei, than tho old 
carnage When the neeessaiy alteiations and appliances oio added, both faoility 
and rapidity will be gained. Veiy excellent practice at the target has aliendy 
been made at the late of 6 lounds in 4 mmutes 40 seconds. 


Befoie defining the mechanical pait of this invention, it may be as well to 
state tho results hoped to be obtained by it, and the punoipal difficulties that 
had to he encounteied 

The conditions desned were simply to obtain a system of flung ovei a solid 
parapet, while picseivmg free lateial lange, and neither exposing the gun and 
detachment, noi involving the laboui of laising and lowering the piece , m othei 
words, of gaining the advantages of a baibetto battery, without its defects 
The difficulties ou the othei hand weie meohamcal ones, but mechamoal diffi- 
culties of a very seiious kind, and which, no doubt, have often discouraged 
those who have been on the same tiack as myself, foi it is impossible to suppose 
that this idea has not been enteitamed by many othois The advantages to he 
obtained aie too impoitant not to have often invited invention 
It was the consciousness of this that stimulated me to peiseveie with my 
experiments at consideiahle expense, and under gieat discouragement and delay 
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Before the end of tlio Ciimean campaign I began to design lifts foi guns, and 
in the comse of this woik.tlio pnnciplo now adopted occuired to me , as soon as 
it did so, I felt I had an agent suited toi the pin pose 

A mechanism foi laising and loweung the gun might with compaiative easo 
be contnved weie the stiains statical, but they aie very diffluent, and those 
who know most about the difficulties of meeting tlio locoil of modem heavy 
ordnance on the platfoims and slides now used, and the destiuetiie effects large 
chmgos pioduee on pivots and raocis.will piobably be most ready to appreciate 
the difficulty I lefer to, whole, as in my case, the stiain of the lecoil has not to 
be met neai the plane of its own action, as m these platlouns and slides, but far 
below it. 

The dangoi of the sudden stiam imposed on the platfoim is lemovcdby mtoi- 
posing a moving fuloium between it and the gun, at the same time meeting the 
energy of the lecoil by a oountei weight or some foice of equivalent powei This 

arrangement leduces the initial velocity of the counterweight to a minimum 
(without destroj ing equilibrium) The force of the lecoil is conveyed to the gun 
on the dischaige taking plaoe, tho energy thus geneiated, in fact, the destiuo- 
tive power, is measured by tho weight of the gun multiplied into the square of 
its velocity If, therefoie, the velocity conveyed to the counterweight, is at fiist 
almost disposed of, the vis tnorttaoi that oountei weight has no longer a destruc- 
tive action on tho intermediate paits It is by this means alone that such enoi- 
mous strains and weights can he dealt with in a structure possessing little moie 
stioiigth than would be lequued foi statical support Moieovei, gieatei dura- 
bility to mateual may bo anticipated undei continued action, than is obtained 
with carnage? on which lecoil is stopped by faction alone 
In the pioposod airangemont the lecoil is stopped without lnjunous stiam by 
an arrangement of foices analogous to those which stop the idling of a ship, 
where the gradual rising of the centie of gravity of the whole structure puts a 
limit to the movement in one dnection The curve of the elevators can be made 
to control the meta centre, and expiess tho some movement, with nearly the 
same lesults 

PI, I, Fig, 1, shows the geneial arrangement of a Moncueff carnage for a "7-ton 
gun It consists of three puncipal paits, viz — 

The Carriage Piopei, A , The Blevatois, B. and The Platfoim, C 

A B 

2 and show the carnage and elevutois neai the loading position. 

It tiaveises on a central pivot and a single cnculai racei 14 ft, m diametei, 
and the platfoim is about 16 ft 6 in in length A oountei weight D, sufficient 
to balance the weight of the gun, is placed between the two elevators. 

In the flung position, the centie of giavity of the oountei weight, and the ful- 
crum, on which the elovatois rest, aie nearly coincident, and are both in neaily 
the same veitical plane as the tiunnions of the gun. 

On the dischaige of the piece the elevatois roll backwards on the platform, 
causing the gun to desoead m a cycloidal curve, while at the same time the 
counterweight rises (at first With an inci easing velocity), 'lhe centre of gravity 
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<sf both the gun and the oountei weight togethei is also the centie of the ciroular 
part of the pciiphciy of the elevatois, this being the portion on which the 
devntois that loll aftu. flung, it follows that the common centie of gravity of 
the gun and countei noight tiavels backwaids m a houzontal plane And as 
this cuculai pait is about a quadiaut, the detachment is enabled to work the 
gun for dull puiposos, or to place it undci covei, ftom the firing position, with 
ease, the whole structure being in a state appioaching to stable equilibrium 
As soon, howevei, as the elevatois pass off the cucular arc on to the gieater 
c'live the level age m favoui of the countci weight goes on in an increasing pio 
gression, until it becomes sufficient to meet the utmost foioe of the recoil Thus 
the lecoil is absorbed without necessarily using friction, and it will be observed 
how this ariangement takes off that shock and vibiation which prove so 
destructive to pivots and masonry m the ordinary carnage, and which have led 
to so mnoh expense lately m making foundations stiong enough for the plat- 
foi ms of heavy guns 

When the gun has recoiled as far as it will go, it is held m that position by 
a self-aoting pawle, and then loaded under cover The elevation can also be 
given to it in this position, if deBiied, as there is a trunnion-pointer with seg- 
mental scale on the cheek of the carnage 

If the pawle is lilted the entigy of the recoil (stoied, as it were, in the coun- 
tei weight) raises the gun into the firing position, its movement upwaids being 
legulated by one gunner holding the handle of the friction band Thus a 
dangerous and destiuctive agent is tamed, and turned into a useful seivant. 

When the gun is m the flung position it can be laid either with the usual 
sight, aud in the usual tnannei, or it may be laid with my reflecting sight from 
below In the former case, No 1 steps off the shelf m leal of the gun on to 
anothei shelf at the side of the lail, he theie can remain while the gun is filed, 
and the time taken to step horn the one position to the other is less than that 
lequued on a dwaif tiaveising platform If the lefleoting sight is on, the 
laying can he cheeked flora helow 

In the lattei oase, viz whole the lefleoting sight alone is used no one is 
exposed, and as the elevating screw m that case can be worked in front of the 
eamage and the traversing at the side of the platform, a new condition is 
obtained, viz , the power of following a moving object, and flung at it while 
the gun is aotually in motion In this case No 1 does not require to guess the 
distance befoie the objeot passing hiB front, as in laying the gun on a dwarf 
traversing platform. 

In this paper I do not go mnoh into details, nor shall I describe any of the 
other carnages, feeling that a description of one class of carnage is enough to 
illustrate the principle which is common to all By abstaining fiom this, how- 
ever, I must leave veiy rateiesting gionnd, os the whole question connected 
with siege guns must be omitted In these the wheels are used foi elevators, 
and in some eases the counterweight is disponaed with, when its weight would 
be inconvenient for transport. I must also leave untouohed as belonging to this 
branch of the subject, the new conditions that these lighter guns would give m 
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lesistin the landing of tioops covered by the heavy firo of ships — their use in 
covering the front of a peimanent encampment — m siege operations, &.c 

I have been engaged in the Royal Arsenal since the 13th of August in superin- 
tending the manufactuie of a carnage, &o , suited for a 7-ton nfled gun The 
Goveinment decided to test my invention hy selecting that application of the 
principle, which I pioposed to apply to this class of gun, and required that I 
should pioduco a complete carnage, with eveiy appliance matuied foi working 
the new arrangement This has taxed my attention to the utmost, I conducted 
at my own expense an inductive series of expenments, winch were commenced 
in 1857-1858 with models, and which I earned as far as a 32-pr 48 cwt gun 
There is a great margin, however, between a 32-pr and a 7-ton M L rifled 
gun I believe l may confidently state, that in the history of mechanics a per- 
fectly new pnnciple has not before been applied to control such enoimous strains 
and weights, with so Btnall a senes of experiments 
Before finishing the desonptiou of what belongs to the cai riage and going on 
to moie impoitant conBideiutions, I shall bnefly describe the leflecting sight 
already leferredto, which is an important adjunct of the arrangement, although 
not neccssauly always employed, being quite a separate invention It consists 
of a lefleotor placed m front of the tiunmons, and a fore sight m fiont of the 
i eflector A line through zero on the foie-siglit, and parallel to the axis of the 
gun, passes through two oioss wires on the leflectoi at thou inteiseotion 

The fore-sight is giaduated fiom zeio downwards in yards to the extreme 
lango of the gun, and is sot at an angle to correct the permanent deflection of 
the rifled piojectdo 

The field of vision is extended at pleasure hy moving the eye In laying 
guns I hare obseived that all men have not the same facility, although then 
vision is good m other lespects I attubuto this to the slow action m many 
individuals of the muscles of the ms , then sight is impaued for the moment, 
and its correctness affected by tho effoit to focus on distant and neai objects at 
once. I anticipate that better aiming will be obtained with my sight in many 
coses, ns the back sight, or intei section of the wires is about the same distance 
from the eye, as it is fiom the foie sight, while tho object aimed at is reflected 
in tho same plane as both This conjectuie, however, lemams to bo confirmed 
by expel lence 

The carnage itself possesses a few advantages, but the leal value of the system 
is to be found m the new conditions it intioduees 


The advantages which belong to the cai 
removing lnjuuous komontal stiain from 
in woiking the gun, by leaving the gun 
between the weights of the gun and eon 
weight of the gun 


mage itself are merely such ns that of 
the platform, and economizing labour 
ineis to deal with only the difference 
mterpoise, instead of with the whole 


— applications or the system Its 

relative value is to bo estimated by comparing it with otheis , and in older to 
do so, I shall divide the subject undei a few heads, that each point may be 
sot utimzed separately, and the balance in favour of or against the proposed 
sj stem ascei tamed in each case. 6 1 " osea 
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I Bhnll omit m this comparison some special applications, such as the use of 
my proposed gun pits, a method of mounting aitilleiy made possible foi the 
fiist time by the invention, its use in ships, in which case steam 01 compiessed 
air is u°ed instead ot a counterweight, also its application to heavy howitzeis, 
&c , &c , as the limits of this papei will not admit of them 

The heads undei which I invite discussion are the following — 

(1) Piotection fiom veitical firo 

(2) Protection fiom diroct file 

(3) Lateral range 

(4) Economy in construction of works, 

(5) Economy of life 

(6) Maik offeied to an enemy, and powei of being masked 

I believe the fit at, viz , piotection fiom veitical fire, is considered to be the 
weak point of my system, but it is only at a disadvantage m this respect when 
compared with turrets and casemates, which, of oouise, are very expensive , and 
thero is this to be said foi it, that the space occupied by the platfoim is smallei 
than that occupied by those of the piesent constiuction , the distance, foi 
instance, between the tiavcrses on each side of the gun and between the mteuoi 
slope and real of the platfoim need not exceed 21 ft for a 12 ton gun , furthei, 
this space can be reduced by contracting the top of the paiapet and tinverses 
Vertical fire, moreovei , is least to bo considered, on account of its inaccuiacy, 
and also (as those who have experienced it know) because a few tiaverses gene- 
rally enable the men to aioid it 

Second Piotection fiom dnect fito 

I take the hbaty of quoting Captain Sohaw, R E , Piofcssor of Aitillery and 
Fortification — * 

“ The gieat difficulty in all foitification, at the present, is how to pioteotthe 
guns and gunnel s, and yet to gi\e the fullest scope to then file In field fortifi 
cation, baibettos and embiasures each have their advocates, and some even 
recommend blinded battencs The last named clcaily are inadmissible foi the 
same leasons that hate been uiged against timbei blockhouses Baibettes have 
been found, in tho cxpenence of the late Amencan campaigns, and in om own 
expenence in the Russian wai, to be useless when the enemy’s nflemen can 
conveige an effective file upon the gunners, they aie too much exposed when 
crowded round the gun to seive it undei such cncumstances, Embrasuics 
restrict the lateial lange of the gun, weaken the paiapet, are open doois to let 
tho enemy's shot into the woik, and taigets for him to fire at, and aie soon 
destroyed and choked up by the combined effect of tho enemy’s fire and the ex- 
plosion of the guns filed in them , moieover, they give but little leal piotection 
to tho men serving the gun fiom tho enemy’s ai tillery ; but when supplemented 
by mantlets they do piotect the gunneis fiom nfled small-aims, and aie, there- 
fore, a necessaiy evil at piesent.” 

* Transactions ol the Royal United Service Institution, Yol X, p, 448 



13 MONCRIEFF’S SYSTEM OF WORKING ARTILLFRT 

Also from a paper of mine,* June 3id, 1867 — 

“The protection which my system affoids is of a chaiacter that has not as 
yet been given to artillery In working guns, two conditions which usually 
conflict with one anothei have to he obtained , the one is to make the gun for- 
midable to an enemy, and the other is, to have at the same time both it and the 
men woiking it as little liable to mjuiy as possible 

“ The first condition is obtained by having appliances that expedite aiming 
and loading, and also those which enable each gun to tiaverse as large an angle 
as may be required The second condition has, until lately, received very few 
improvements beyond the old and well-known method of the embrasuie, &o 
However, impioved oasemates, the contiaction of ports by the use of aimom- 
plating, cupolas, and Lieutenant Buoknill’s ingenious system of filing through 
a false parapet or screen, &c , &o , have each and all their advantages for certain 
positions, but with one exception, viz , tho cupola, they all curtail the power of 
the gun by contracting its free lange; and, theiefoie, with that exception, what 
they gain in safety they lose in efficiency, where range is requned My system 
has the happy peculiarity of combining these two conflicting elements m a high 
degree 

“ The embrasure necessitates the breaking and weakening of the parapet It 
also lestricts its thickness for a given number of guns, not to speak of the maik 
which these embrasui es present to tho enemy Armour-plating on land works, 
at great expendituie of money, reduces these evils considerably, but by no 
means entirely lemoves them, so that on reviewing the position of my inven- 
tion in this respect, I feel my only competitoi to he the cupola What oan be 
said in favour of the cupola neaily applies to my system We are equal m oui 
powei of tiavcising, and m the matter of piotcction, you will have to decide, 
aftei I have stated tho exposure in each case 

“ The cupola is always a mark, and is always exposed, and to very heavy 
ordnance its invulneiability is still problematical Its poit, though small, is 
liable to bo hit foi a certain time Its gun detachments aie annoyed, if not 
hurt by the concussion of heavy piojeetiles It is of enoimous weight, and to 
avoid a shot in the port, it requites to turn its cheek on the enemy aftei each 
round, involving a good deal of laboui On the othei hand, my gun, and the 
men serving it, are absolutely protected fiom dnect fire, except that tho gun 
and one man aie exposed while aim is being taken 

“When the gun is up to he aimed, it is moie exposed than the cupola gun, 
but tbe moment it is fli ed it is safe 

“If a scieen be used, the enemy cannot see whether the gun is up or down , 
I thus diaw his fire, the conectness of which must be materially affected by 
having no definite object to aim at 

“The best way, pci haps, of putting the question is this Would gunners 
prefer to be Bhut up m an non box, only penetrable by the enemy’s shot 
through the port, but liable to injury m other parts, or would they piefer to 
fight then guns in the open air, and all under oovei, except the man who aims, 
* Transactions ot the Royal United Service Institution, Yol, XI, page 551 
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he being exposed only for a very short time and partially protected by the 
massive breech of the gun P Are the chances of injury greater in my ca-o, 
where the guu is only liable to be hit duung the few seconds required to lay it, 
and is in absolute safety the moment it is dischaiged — or, as m the other case, 
where the cupola remains a constant mark for heavy piojectiles, and runs a 
continual chance (though a small one) of receiving a shot through the port 
itself? 

“ It is obvious that the possibility of dispensing with a parapet, without 
losing command of the tiont of the battery, would give an advantage of an 
important kind This advantage I seek to obtain in its greatest degree by 
employing gunpits, in which all the vital parts of the carnage remain below 
the level of the surface, and the gun itself is only exposed when it is going to 
be hied 

“ For coast batteries liable to be opposed to the heaviest artillery in ships, a 
very strong work is now absolutely lequned to protect the guns from thetcmbly 
destructive effects of modem piojectiles, which have a penetration far beyond 
what was dreamt of when most of the existing fortresses were built , and as 
accuracy of fire has mcieased, as well as its power, the guns cannot be mounted 
en barbette 

“ In order, therefore, to be efficient, ooost batteries must he of great strength, 
and proportionately expensive, especially when iron is used in their oonsti action 

“ I wish this to be borne m mind, while I point out that by taking advantage 
of the natural undulations of the giound, scarping down the iear of hillocks to 
make them into batteries, and applying the skill of oui militaiy engineers to 
use whatever nature has supplied in each place, many positions might bo 
defended on my system from the attacks of the heaviest aitilleiy, at a small 
per-centage of the cost which is now required to constiuct batteries with iron 
ombiasures, cupolas, &c , and that, notwithstanding the economy cf these works, 
they would be probably as invulneiable as their more expensive rivals.” 

Thu d Lateral range 

The lateral range of the guns is the same as of those m a cupola , this quality 
would he valuable in guns on the face of a woilt, and of course still moio so on 
salients , in fact, it would make a few guns as valuable as a much larger number 
mounted in the usual manner 

Colonel Gallwey, R E., comparing a two-gun tunet with guns behind embra- 
sure shields,* wutes — 

“ We may ask then, admitting the above oompanson, if two guns in a cupola 
can cover us much ground as six mounted behind shields, what would be the 
number of guns in ordinary earthen cmbrasuies that would produce an equal 
effect, looking at the supenonty of protection as well as i ange conti oiled ? The 
answei might be If it he admitted that one gnu behind a shield is worth three 
behind ordinary embrasures (as it ceitainly would be), then the two in the 
cupola would be woilh eighteen m earthen cmbrasuies, and this estimate is not 
extravagant if it ho closely examined.” 

* Prolessional Papers cl the Royal Engineers, Yol XIV, p 4« 
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Fourth Economy in the construction of -works. 

The failure of 01 dinary embrasuies on the one hand, and of barbette batteries 
on the othei, ansing m the foimer fiom weakness of the parapet, and in the 
lattei fiom exposure of the gun and detachment, is due to the increased pene- 
tration and precision of modern oidnance 

The change m the conditions of fortifications inevitably produced by this 
increase of power and accmacy in guns, is of a veiy serious chaiactor There 
is no way of meeting that change except by the use of lion I need not dwell 
on the objections to the general use of this material for land defences It must 
be borne m mind that those who advocate its use do so because it is the only 
alternative that has piesentcd itself I would only remark that a two 12-ton 
gun cupola completed costs, exclusive of the guns themselves, about £15,000,* 
and the price of a sufficient armour shield is not yet decided on. 

1 he expense of making sufficient defences on the system now proposed would 
almost be defiayed by the intei est of the money required to be sunk m making 
thoioughly efficient iron-plated works The saving is therefore prodigious, and 
such as would be of the utmost consequence, and would even seriously affect the 
resouices of the wealthiest nation , and as m wai, cheapness has often the Bame 
meaning as possibility, it is difficult to ovei estimate this feature. 

In the even t of my system pai tly supplying the plaoe of iron plated land works, 
I hope the country will not forget what it has beenielieved fiom With mature 
dehbeiation, and after every otliei resouice has been exhausted, the Government 
have been forced to adopt iron as the only material giving satisfactory lesults 
It would hare been false economy, indeed, to have done othei wise To have 
left vital positions on our coasts msecuie, whatovei might be the expenditure 
requued to make them safe, would have been a giave enor, and the system now 
pioposed, would not in every case supersede its advantageous uso, it might 
undoubtedly however, bo employed in conjunction with the more expensive 
batteries, and in ceitam positions would be piefeiable, while the expense would 
be reduced materially whenevei it could bo applied. 

Independent, howeiei, altogethei of the consideiation of the flist enormous 
expense of building iron-plated stiongholds, theio are important military con- 
sideiations to be taken into account m connection with them 

Such peimauent and complete works, as I lefei to, when once made have to he 
takm caie of and gainsoned j they must alwajs remain a source of anxiety, 
and a continual dram upon oui resources in men and materiel a certain number 
of such stiongholds are necessaiy, but they cost vast sums to complete them, 
and much to maintain them, and aftei all if non casemates and embrasures 
alone aie employed, they may bo found at some future penod insufficient to cope 
with impioved artillciy 

Tor these leasons it will no doubt bo considered inexpedient to multiply the 

_ * It lino been pointed out to tho Author, by Captain Coles, that this estimate Is apt to mislead 
The Iron cupola itself costs little , the foundations, magazines, iic , make the pi ice high Colonel 
Jervols, Deputy Director of Winks, In a paper rend some months ago at tho Roj nl United Service 
Institution, estimated the price of a 2 gnu Iron timet at £20,000 to £25,000 
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number of such works What is then to become of secondary positions of im- 
portance ? Must they he left with defences that will ciumble hefore the new 
artillery of Bhips P Aie English soldieis to have the forlorn duty of fighting 
armoui -clads fiom behind eiazy embrasures P Oi, aie those positions to he left 
to the mercy of any adventurous privateer P I sinceielv hope that the system 
now advocated may to some extent piove a satisfactory solution to these ques- 
tions Captain H Tyler, HE,* alluding to the 1 equipments in futuie fortifi- 
cations, says, — 

“ The great problem to be solved is, how to obtain all these advantages with 
economy — not such economy as would depuve the works constructed of effi- 
ciency, which would not be economy at all— but such as will make foitificution, 
so to speak, possible, and will aflfoid to it a maximum of efficiency, at a minimum 
of expense 

“ In endeavouring to find the solution of this pioblem, I shall puiposely avoid 
laying down anything that can be called a system As is wel) known, systems 
have alieady been too much the bane of the science. Now moie than ever, 
systems of foi tifications must give way to principles of construction, and (if the 
word system be used at all) to systems of defence No two fortresses ought to 
he alike , but each work, and each collection of works, should be adapted to the 
pmposes, strategetical and tactical, which it is intended to answer , to the 
pecuniary means and material at the disposal of the engineer , to the exigencies 
of its site i and to the circumstances of its topogiaphioal position ” 

If the system this papei discusses be thoroughly dev eloped, it might be con- 
sideied sufficient in many eases of coast defence to devote attention to peifect- 
mg the materiel of a poweiful artillery, with every appliance that could moke 
it efficient This aitillery would bo stored safely at points where attack may 
be expected 

If this course wero taken, an enemy would no longer be able to avoid our 
defences by knowing exactly where they aie, because we should have the 
power to extemponze them if lequired Jdut considering the suddenness with 
which wars are now decided, it would he expedient to study the conditions in 
each case very caielully, and prepaie the gieund for the leception of its arma- 
ment, by levelling down, or filling up and foiming the batteries as far as con- 
siderations of economy and expediency required, seeming near plantations of 
copse for gabions and fascines, &c , &c , leaving only such work to be done as 
could be completed with shoit notice 

I go so far as to say, that Government might have in its possession pnvate 
leports from a variety of offioers foi each position The data given to these 
officers on which to found their lepoits being the amount of aitilleiy and stores 
set aBide for a certain position, they might be required to give detailed estimates 
and plans for putting that position in such a state that, say two batteries of 
siege aitilleiy, a company of engineers, and 3,000 labourers, could complete the 
work and mount the guns in a week satisfactorily, estimating time and expense. 

* Professional Papers, Royal Engineers, Vol. E£, p 9C 
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I venture to make these suggestions because they aie particularly applicable to 
the kind of earthwoiks now advocated, which would have, in many lespects, the 
strength of permanent woiks, with the inexpensive character of temporary 

Fifth Economy of life 

I rejoice to think that theie is reasonable cause to expect a smaller waste of 
life in gun detachments The powei of any aim in relation to another will he 
determined to a certain extent by this condition The late improvements in 
small arms I do not think have been m favoui cither of cavalry or ai tillery The 
exposure of gun detachments in defensive batteries under the fiie of new rifled 
artillery has not been much tested, since the latest impioveraents — immense pre- 
cision and penetration coupled with the perfection of percussion and time fuzes 
and the construction of shells — would lead one to expect lieavici casualties 
Where iron is used, of course the proportion is altered, hue even in that case 
the nuts and bolt heads have shown a disagieeable propensity to fly about , and 
the exact injury fiom concussion m cupolas, where a heavy shot hits fair, is still 
a matter of dispute 

None of these conditions affect the gunners m the piesent case, occupying as 
they do the defiladed space in lear of a high mtcuor slope, and with all the 
advantages of mantlets, but in a. higher degree 

The sixth or last head, viz “ Masking,” is one which, perhaps, is not likely to 
he appi eciated at first sight No doubt it is an advantage which has not 
hitheito been enjoyed after guns had once opened file ( and, theiefore, experi- 
ence does not dueotly bear on it I tiust, however, that practical officers w ill 
agree that the proposed system posesses no small advantage m this lespect ovei 
present ones, where gnns are either in embrasures, in casemates, or en barbette 
It would be rather difficult I conceive to open a eoirectly duccted file on a line 
of batteries which piesented nothing to the eye, and which had not a maik of 
any kind to guide the aim 

If the ground were judiciously chosen foi such battenes, it would be very 
difficult indeed to deteimme the exact position of the guns, and very unsatis- 
factory woik to duect a fire on them 

I cannot lllustinte this better than by begging my leaders to recollect the 
ease of the Mamtlou at Sebastopol, which fell bj assault after itB battenes had 
been silenced, I watched veiy caiefully the soit of flic which, gun by gun, 
shut up this work, until there was only one loft to answer the bombardment, 
and feel justified in saying that, had it not been foi the embrasuies, all the 
'artillery we had m position on the allied front would not havo pioduced the 
Same result m the same time , and fiom the way tile Fienoh fell baok after 
their first attempt, I am convinced the assault would have failed without 
regular approaches had there been a few guns to sweep the glacis. 

As another illustration Suppose the entrance to a harbour, the mouth of a 
river near a large town, or other narrow waters, had to be defended against 
ships. If a few powerful guns were judiciously placed m “ Mononeff ” battenes, 
connected and supported by trenches for infantry, could anything more embar- 
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tossing be imagined foi ships, than to lccoivo a deadly file fiom the most peace- 
ful looking hillocks, and when they looked foi thou enemy, to see no maik of 
lus position except a cloud of white smoke pushing gently to leeward, until their 
attention w as distracted by the same phenomenon m some otlioi unexpected 
quaiterP 

In connection with this subject, I beg also to duect attention to a pioposal 
which becomes possible, viz , that of using tiansparent scieens 
These seioenB would bo painted the coloui el whatever happened to be the 
back giound of tho batteiy They would bo made ot tho lightest mateuals, 
and would be used to deceive the ejo of an enemy when he discoveied the 
exact position of a gun (which howcvei would veiy seldom ho tho case). A 
scieen of this kind, thiough which the gun could be laid, but which would 
effectually obsouie the view to an enemy, has the following recommendations 
it can in a moment he leplaced, it foices the enemy in oidoi to have tho 
chanca of hitting the gun in the filing position, to waste his the all tha time it 
is down , and as that file is ntteily thrown away while the gun is down in the 
loading position, it follows that an enemy, besides having to oveieomo the very 
gieat difficulty ol hitting the piopei point at all, has to take the chance of the 
gun not being at that point when he flies 

'lhe offioei, by wntcbing the chaiactei of the enemy’s file, and selecting tho 
best time to lay his own gun, might make the enemy’s task neaily hopeless 
I have heie to offei a suggestion which relates to this view of tho question 
In certain positions wheie a line is not exposed to enfilade, it might be of 
advantage to have tho platfoims lunmng on tiucks on a hue of railway in roar 
of an extended parapet 

A proposal of this kind was made some yews ago fox the purpose of defend- 
ing paits of the coast I need not lemrnd my leadeis that such a proposal is 
(with oidmaiy carnages) nnpiacticable, as thestiamacioss the line with modem 
nfied aitilleiy, would tear up the lails The ease is now alteied, howevoi, as 
far as that is concerned, as the mtoiposition of a moving fulciura between the 
gun and platfoim would enable oidmaiy lails to cniry a gun in action, and the 
whole weight of a 23-ton gun platfoim and oountci weight would bo undei that 
of a heavy locomotive (60 tons) The guns could therefoie bo pushed by then 
detachments to any point of the paiapet at which they might be requned, with- 
out being exposed to view 

To recapitulate skoitly what has been said, I submit that my proposed system 
is calculated to pioduoe, to a eei tain extent, the following iesultB — 

It absoibs the lecoil in such a mannei that it is turned to useful account 
instead of acting as a destmctivo foice 

It takes away honzontal Btrain flora the platform. 

It gives sccuiity fiom duect file. 

It moieases lateial lange 

With equal efficiency it effects Inigo economy in consti notion of woiks for 
coast defence, &c 
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It economises life, and it makes battenes more invisible, and, therefore, moie 
easily masked befoie aotion, and more difficult to attack in action 

For tknteen yeais gieat attention has been given to the impioiement of oid- 
nance , in no country lias the subject engiossed more attention than in England, 
the beat meohamcal skill which the nation possesses having been bi ought to bear 
on it. 

I have watched its piogiessivo advances foi ten jeais with a special interest, 
and each impiovement has acted as an additional stimulus to tho woik this 
papei disousses Impiessed moie and more, with the uigent need of some 
method of meeting the uioieasing penetration of piojeetiles, I stiuggled flist 
with the meohanioal difficulties in my way, and latterly with the not less for- 
midable difficulty an inventoi has to expcuence, viz , passive lesistance to now 
ideas 

I hope, howevei, that I have now, to some extent emeiged fiom both 
Probably the eagerness withwhieh impioveraents u aitilleiy have been pur- 
sued has bad some effect m withdrawing attention from the new conditions 
that theso impiovements themselves irapoitod into the laud seivice 
The problem presented itself most urgently, and m its most foimidable aspect, 
to the navy, and large sums have been expended, and aie now being spent, in 
solving it foi this seivice 

The land service has been content to follow in the wake of the navy, and tho 
oountry is at this moment on the brink of a gigantic expendituio for non foi- 
tifications. 

The impel ative necessity fot impiovod works, pointed out by Engineer 
offioeis, who have eloaily seen the dilemma appioaehing (some of whom aTe 
quoted) is at last acknowledged on all hands, and there appeals nothing for it 
now, in order to piotect oui guns and gunnels, but to bonow the unwieldy 
armour which is necessary for Bhips, and clothe our batteries on shoie with the 
same expensive material. 

I cannot help thinking that some method, such as mine, would in a great 
many instances fulfil all that is lequued, and even occasionally enjoy advantages 
of its own, independent of economy These letnarks apply with equal if not 
gieatei force to our distant colonial possessions I tiuBt, at any rate, to be per- 
mitted to develops a system whioh promises to bo successful, and which, if it 
does succeed, will save millions to the country, and, what is of still more lm- 
poitanoe, will placo oui defences in a moie satisfactory and efficient condition 
than even the most expensive of those methods that have been proposed 

A MONCRIEFF. 

Annexed is a letter fiom General Simmons, C I! , llnector of the Royal 
Engineer Establishment, Chatham, dated 18th Maich, 1867, criticising in a 
very lucid mannei the lesults of my experiments at the date it was wntten, and 
the objections which, at that time, were supposed to stand in my way 
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My dear Sir, 

I hare been looking lately with much interest at the description and 
plans of your pioposed system for laismg guns, so that they may file over a 
parapet, and m their lecoil, fall down below it, so as to be completely concealed 
from view The object, the solution of which you have pioposed to youiself, 
is one of very great importance to the seivice, and one which, befoia I knew 
you had tuined youi attention to it, had oocupied mine so much, that I had tiled 
to dnect the attention of my biothei officeis to it, and I have also suggested it 
os a pioblem requiring solution to some Mechanical Engineers, thinking it 
might probably be accomplished in a convenient mannei bv hydraulio power. 

The impoitance wluoh I attach to an invention of this nature is very gfreat 
By it the gun is effectually concealed when not in action, and is kept under 
cover foi the greatei pait of the time it is in action The gun, when placed 
behind a paiapet or epaulment, oi in a pit, piesents no object upon which an 
enemy can dnect his fire, the importance of this, when exposed to nfled guns 
(both small and gieat) cannot be exaggeiated, and, moieover, it disposes of the 
difficulties attending the embiasuies in earthwoiks, whether foi attack or 
defence These difficulties oie veiy gieat 

(1) The embrasuies piesent a fixed and constant taiget upon which guns may 
ho laid 

(2) Embiasures weaken a paiapet, and, as usually consti noted, present the 
most favouiable conditions foi bm sting shells filed with percussion fuzes, the 
thin part of the meilon avoiding just resistance enough to fire tho fuze 

(3) The gun is always moie or less exposed to injury fiom direct file 

(4) No levetment has yet been found for the cheeks of embrasures, which is 
not leadily destioyed, either by the file of then own guns oi those of the enemy, 
thus shutting the guns up and necessitating repaiis, which aie among the most 
dangerous duties of the soldiei 

Various means have been pioposed for palliating these evils, suoh as fixed 
iron shields, revolving cupolas or toweis,and many other schemes which lessen the 
efficiency of battenos, by restncting their lateral range, and all of winch, that I 
have evei seen, aie exceedingly costly, and aftei all are only a veiy paitial cnre 
for the evils complained of 

It appears to me that the system of loading guns below the parapet, winch 
may be of eaith of any thickness, and, therefore, very difficult to destroy, and 
only bunging them up to an exposed position at the moment of firing, gets rid 
of all these difficulties. 

Of comse, any system which maybe proposed for this purpose must have 
objections of its own , hut I confess that your scheme is moie fiee from objection 
than any I have seen , and having given it my best attention, I see no reason 
why it should not succeed with guns of any weight, howevei gieat, that are 
ever likely to he introduced into the service If successful, it will save an enor- 
mous outlay to the conntiy m its foi tifioations— which in these economical days, 
is almost moie thought of by those who control expendituie than efficiency — 
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at the sarao tune that it will add enormously to their practical value w lien 
submitted to then tiue test by an enemy's file 

Youi scheme appeals to me to present no mechanical difficulties hut w Uat 
might cosily be overcome, and it gets nd of one gicat mechanical difficulty 
which has not yet, I believe, been solved with guns ns now mounted on the 
most appiovod pattern of carnage and tiaveising platfoim I allude to the 
honzontal sti am brought by the lccoil upon tbovanous pm Is ol the carnage, 
platfoim, laoeis, and tiavcrbiug bolts This action is a very senous difficulty 
with guns on tiaveising platfoims, whcieas, accoiding to youi system, thoie 
will be little 01 no tendency to foice tho turn-table 01 tiaveising platfoim back 
Yonmay expect objections to bo taken to tho weight and bulhinoss of your 
countei poise , but I don’t think they need distuib yon, ns, when once the gun 
is mounted, this counterpoise actually diminishes the labour of \\ 01 king the 
gun, foimmg as it weio a icaeivoii of povvci to jun it up, and with rcgaid to 
its bulk, you may leducc that oonsideinhly by tho employment of lead, cast in 
ingots, so as to pack very closely, and still be manageable on the iaro occasions 
when it may bo necessaiy to dismount the guns 
I sec no difficulty wbntevei in constiuctmg a piopei tuin-tablc, foi, aftei all, 
the woigkts to be dealt with aie not greatei than ate to he seen daily on turn- 
tables on lailwavs, and absolutely nothing compaied to what may ho seen in 
opeiation on board Bhip with cupolas and levolvmg towels 
One great objection whieb may be raised to any system of this nntuie is, that 
it is not compatible with the piotectiou of the guns fiom veitieal file The 
question between guns pioteoted m this way and otheis m casemates is there- 
fore one ot the lelative dnngor of hoiizontal file at embiasuies and veitioal file 
Foi my own pait, I should not hesitate to choose m favour of tho system as 
woiked out by you, the gun being protected on its flanks and lear by tiaveises, 
which wotdd leduoe the dongei to a minimum 
There aie many situations, howevoi, whore casemates are inapplicable, and 
when opposed to shipping, there is veiy little dangci to he appiehended tiom 
veitieal fiio In such, situations I have no hesitation m saying 1 , that some plan 
such as this of youis, if it succeed, will be an immense impiovement on anything 
we now have, and will be invaluable I hope, therefore, you will peisist with 
your system, and get it thoioughly tried 


I am, &c. 

(Signed) J. L. A. SIMMONS 
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The following papei, by the Rev. Jamos 'Whits, M.A , on the foim of the rack 
attached to the elovatois of the carnage, has been communicated to tho Royal 
Aitillery Institution, and is published in then " Proceedings ” 

The cmve is tiaced by a fixed point in a wall upon a cuculai disc rolling 
against it along a light line As applied m the carnage the lack of its foim 
fastened to the elevatois as they loll back turns a pinion on the rail by which 
the fnction and pawle wheels aio moved But it is manifest that the curve is 
not lfmited by the cncumfcience of the wheel 01 circular disc geneiatmg it , if 
the plane of the lolling cucle (on which the cuive is tiaced) bo indefinitely 
extended, the cuivo might be piolonged without limit. It is in this geneial 
form that it is proposed here to oonsidei it. 

It should be lemaikcd, to pievent misconception, that poit of the cuived lack 
in Captain MonoiiefPs carriage is geneiated by that poition of the elevators 
which is not cuculai, but as thatisveiy small, and also tho foim of this genera- 
ting poition undetermined, it will not be taken into account. 

The curve can be obtained by reveising tho supposition, i e , by considering 
the circle fixed while the line eauying the given point ou its plane rolls lound 
it Tins will give one-half of tho cmve commencing fiom tho point of it neaiest 
the centie of cucle, the other half being equal and opposite Thus it may be 
defined as the locus of a fixed point on tho perpendiculai to the noimal of the 
involute of tho cucle, 01, m othei woids, the locus of theextiemity of utangent 
of given length (p) to the involute * 

Taking tho paiticular case m which the length of the tangent is equal to tho 
ladius of tho circle (p ~ a) the cuive is the spual of Aichimedcs, whose equa- 
tion is p — aw, foi that is the pedal of the involute, oi locus of foot of the per- 
pendicular from the centre of the cucle on the tangent to its involute, and the 
pait inteicepted on tho tangent between that perpendicular and the noimal is 
evidently equal to the ladius Thorn this the general equation foi any length 
(p) of the tangent can be easily deduced. 

Let P Q be the noi mol, and QS the tangent to tho involute of the on cle PA D 
Then, let QS — CP = a, and S is a point on the spual pz=.aw, and CR is the 
ladius vectoi. PI I, Fig 2 

o Tlis subject of involutes lias been vory extensively pmsncd, pailly In connection with Uio 
cun o here tieatecl of, by Professor Sylvester Tide Philosophical Magazine. VoL XXXVI, p 200, 
October, 186S 
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Let QRvzp and RS(= a — p) — d, it is required to find the equation of the 
loous of R GS will be its radius vectoi 

CR 1 - CS 1 + 22S 3 = oV + d\ 
consequently, 

i j i , jj . Vp'-d 1 

P = « “> + « , „ "» 

but is is the angle made by CS with CD (at right angles with CA), therefore, 
in terms of the angle 6 made by CR (p) with CD, 

w — 9 — A RCS = 9 — sin- 1 - , 

P 

therefore ~~ ^ = 9 — sin- 1 -, 

a P 

a ^ | y/ P* d? 

or 9 = sm~ - + — 

P a 

Professor Sylvester has proposed to call the rack of this form the “ Mon 
crieffian," os it has been first used by Captain Monci leff The oui ves in general 
he has proposed to call “ convolutes , ” then existence has been occasionally 
slightly noticed, but their pioperties and application Beem to have been entnely 
overlooked till Captain Moncneff employed a lack of this foim in his gun 
carnage 

Thiee cases of the curve aie woithy of notice — 

(1) Let p = 0, that is let d — a, and then the curve beoomcs the involute of 
the circle This may bo found by making the substitution in the equation 
given above, lomembenng that for the Moncrieffian cuive 9 is measuied fiom 
CD, but m the equation of the involute as usually given 



9 is measured from AC 

(2) Lot p — a, at d — Q, then as before seen the curve is the spiral of 
Archimedes 

(3) Let p = 2a, or d = — a, and then the curve takes a lemarkable form, 
which may bo culled the counter-involute Taking its use fiom B (the point diame- 
trically opposite to A, see PI I, Pig 2), its equation will differ from that of the 
involute commencing at the same point only m the sign of cos -1—, but its 

_ form will not be at all similar The involute may be defined as the loous of a 
point taken on the tangent to a circle making the length of the tangent equal to 
the length of the aro fiom the point of contact to a fixed one on the circle 
The counter-involute admits of the same definition , but the tangent is taken in 
the direction from and not towards the fixed point on the cncle It may be 
described as traced by the extiemity of the line round the cncle when lolled 
off backwards tangentially, instead of unwound direotly, as in the cose of the 
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involute This will be easily seen fiom the figure Let VS = QS, and V is a 
point on the cuive , draw VP' a tangent, and PCP' will he a dmraetei of the 
cu ole pioduee QC to meet VP' in Q', and CQ' will equal CQ, and the angle 
BOQ! will equal ACQ , theiefoie Q' is a point on the involute oommeiioing at 
B , and it is manifest that VP' is equal to QP which is equal to Q'P'. 

The involute and counter-mvolute may be thus desenbed as tan + s , s 
being the aio of the cncle fiom a fixed point to the point of contaot of tangent 
The Monci lefflan cuive generally may be descubed as tan = + ks , when 

~ and s is the aic of a circle whose ladius is d. This is evident fiom PI I, 
Fig. 3 BR = PQ = PA = h BA'. 

It may, theiefoie, be defined as the locus of tho evtiemities of tangents to a 
given ouole whose length is a given multiple of the length of the aicfiom then 
points of contaot to a fixed point on the cucle The ladius of that circle will be 
d of the equation given befoie When p is gieatoi than a, te , when d is 
negative, the tangents must be measuicd fiom and not towaids the fixed point 
on the circle, and the cuive will lesemble the counter-involute. By a common 
propel ty of rolling cuives, it follows that the normal of the curve is PR in Fig 
2, the line joining the point of contact of the noimal of tho mvoluto with the 
geneiating point It will also be obscived that the complete involute of a 
circle (i e , when umolled on both sides from the same point on the cucum- 
ference) has a cusp, the counter involute has none 

It will be remembered that the Moncnctfian curve is the locus of the 
extremity of a fixed length taken on the tangent to the involute of a ouole . 
now the involute continually appioximates to its tangent, for its ladius of cm- 
vature is continually increasing up to infinity, hence it follows that all Mon- 
crieffians derived from the same cncle aie as} nipt otic to the involute, and, con- 
sequently, to each other 

A buef notice of the mechanical application of the convolute 01 Monci leffian 
cuived lack may be added 

By a lack of this form a moving fulcrum con be contiolled or applied; as, 
however, the fuloium rolls, the look will pass through a fixed point, and there- 
fore will act upon a wheel 01 pinion, Of the moving fulcrum, foi which 
Captain Moncueff flist employed this cuived lack, most valuable and important 
use has been made in his protected barbette gun carnage The sudden and 
violent strain of the recoil of a heavy gun has not only been subdued but also 
utilized ; and the principle may admit of many fuither applications to machi- 
nery subject to sudden strains and violent jeiks In 6ome cases, moving fulora 
might he advantageously substituted for pivots, so that tho effect of the strain 
instead of being confined to one point would ho distubuted ovei some space. 
In the engines of war, wheie the destmctive effects of gieat forces acting instan- 
taneously have often to he piovided against, this method may he found useful 
in many othei eases besides that in which it has been first and bo successfully 
employed. 

This curve being of the family of spirals has an infinity of convolutions 



24 


monceieit’b system op working artillery 

Consequently, the rack to govern a moving fulcium may bo of any length 01 at 
any distance from, it 

To lllustiate the application of a rack of tins form were it lived to any 
cucle, a pinion at the height from the gioniid-lme would loll the cnclo along 
it , 01 if the cnclo was the moving powei as it lolled it would cause the pinion 
to revolve 

The mannei in whioh this cuive has been obtained has caused tho lack to be 
sometimes called cycloidal. But this is a confusion of thought, as tho cycloid 
is geneiated by a point fixed on the lolling cucle, this cuive by a point m tho 
wall against which the cnclo lolls 

A small insti ument by whioh this cuive m its vauous cases may be fxcely 
drawn has bcou devised. It consists of ft simple artifice by n Inch a iuIgi 
cairymg ft moveable pencil is kept always peipeudioulai to a t hi cad unwound 
fiom a cnclo 


DISCUSSION* 


MAJOR GENERAL FROME, IGE, Ac, Ac., IN THE CHAIR. 

The Chairman Field Mumbai Su John Euigoyne having expiessod ft wish not 
to tike the chan, that duty devolves upon me Tho subject no liavo met to discus? 
is so noil known, that if I were to go into any doseuption of Cipttun Moncneff's 
invention, it would only be taking up time, sncl I should lie descubmg what, no 
doubt, many officers kuow more about than I do I think then wo bad better pi o- 
ceed to lead such poitions of Captain Moncrieff’s papei, as appeal to bear most upon 
the subject, and then leave it open to any officei to malm such comments ns be may 
think pioper to olfei 

Lieut Colonel Hutchinson lead poitions of Captam Moncueft's papei — 

The Chairman Perhaps Geneial Lefioy, the Piesldent of the Oidmueo Select 
Committee, if he feels disposed to oflei any obseivations, mil be the host person to 
commence the discussion I believe the leport of the Oulunnoe Select Committee 
is finished, and I hear that that lepoitn in a gicatdegiee favoiuable to Captam 
Mouoricfi's system, as regaids its mechanical consti notion 

Major Gen Lefboy, R A I am happy to say that the lepoit of tho Oidnanco 
Select Committee does bear tho oharactei which you have given it, that it is entire]} 
favourable to the success of Captam Mononeft’s gun cauiage, viewed as a meoha- 
meal auangemont Entertaining, as I do, the most sinceie admnation for the skill, 
ingenuity, and perseverance with which Captain Monoueff has developed this veiy 

* Hold at the Wm Office, on the 17 th of Hovembei, 1868, Offlcoia of tho Roj al Navy mid Roj al 
Ai t lllei y, and captain Moucrlcfl being pi csent bj 1 m Ration, 
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novel and oiiginal idea, I trust that neither by him, nor by any other gentleman m 
the loom, shall I bo undeistood as depreciating that invention, if I feel It my duty to, 
in some degree, qualify or submit for youi discussion, points wlnoh aie not so favour 
able to it as those which have been advanced in the paper which has just been read 
I leave to the affieeis who aie conveisant with the estimates and constructions of 
works whether Captain Monorieff’s estimates of expense are well founded or not 
But, as an aitdleiyman, I cannot admit that one gun upon a Monoriefl carnage will 
represent tin ee guns upon any carnage whatever There aie occasions, and never 
moie urgent than in the smoke and confusion and chance medley of a great engage- 
ment, such as that alone in which wo can conceive these guns employed, in which a 
multitude of guns aie indispensable to efteot your object Captain Moncrieff, judg- 
ing from the success attained by the most skilful gunnels and the most poweiful and 
able body of men that can be pioduccd, anticipates the use of this gun at the rate of 
one lound per uuuute 1 fear that is too rapid a file to be calculated upon for a con- 
tinuance, or uuder the ordmaiy circumstance of men less trained than those skilful 
gunners at Shoeburyuess The fust trials were at the late of one round pel two 
minutes and a half , and if we may assume that as the ordmaiy late of firing X am 
persuaded it is aB much as will he lealized in practice A ship moving at the 
modeiate rate of eight knots per hour, alters her position by 800 yaids in two 
minutes and a half To meet the condition of a ship tiavelling at that rate, a 
number of guns, and not one gun is necessaiy We cannot take one-third of 
the number of guns as equivalent to the full number 
The secuntj of this gun against vertical fire has also, I think, been overiated by 
Captain Mononeff. It is tiue we have no great amount of data as to the chances of 
hitting an objeot with a moitai at a great range , but it is often asseited that the 
greater the distance, the more ncourate m point of lange is the fire, masmuoh ns with 
a full charge of powdei, there is greatei uniformity attained than with small charges 
To quote a single mstanoe, I find that m some piactioe that wa3 made from a mortar 
boat attaohed to the Evaellent, about two yenis ago, nino shells out of thirty five, 
that is about 25 per cent , would have fallen upon the top of one of the Spitliead 
forts, taking that as a cnole of 200 feet in diameter Assuming that nine shells, at a 
distance little exceeding one milo, out of tlmty-five that are filed, fall upon the top of 
that fort, how many may bo expected, eithei by first impact, or by lebound, oi by 
rolling, to get into some of these pits , oi if they do not actually do so themselves, 
how manv splinters will fall m 1 The secuntj against veitical lire is not so gieat as 
Captain Moncrieif supposes Taking the nairowest limits of tha pit to be 22 feet 
against the 200 feet of one of the Spithcad foits, we should get about one Bhell m 400 
to fall into any single pit aimed at In the case supposed, we have a oirole of several 
pits round the point aimed at. If an enemy were to attack Spitliead forts, or any 
great eardmal point m the defence of this countiy, he has charts of the approaches, 
and he will have as many moitar boats as he thinks will accomplish his object, If 
ten will not do, he may have a hundred , therefoie, the probability is, that the 
security of his guns in these lecesses against vertical fire, is much less than Captain 
Monci lefE repiesents But it is not merely the shells that fall into the pit that we 
have to consider A gunner must have moie than non nerves, if he can see unmoved 
a ram of mortal shells coming m the Bky Knowing the effect of them, it must make 
him hesitate, and interfere with the rapidity and accuracy of the fire fiom the pits 
But besides the piobabdlty of direot effect from vertical file, it is impossible to disie 
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gard tbo effect of lateral injury Hoi til sheila falling anywhere in the neighboui- 
liood, to the right or to the left, and scattering large splinteis many pounds in weight 
with great violence on eithei side, will attain the gieat lateial surface of these guns, 
which is as much as 120 Bquare feet — a consideiablo target And though it may not 
happen that this Bhell or that shell will hit it, jet if you Keep on thiowing sheila all 
day, and for two 01 thiee days running, as was done at Swoaborg, a sufficient number 
will attain the point to disable these guns Au enemy having that m view, and 
having his inoitai batteries in a position of entue secuuty, will simplj perfoim that 
opeiatlon os apiehminary one , and having done that, he will piooeed to do what 
ho contemplates next 

With legard to tho actual woiking of these guns when exposed, as they would 
have been exposed, it, foi example, they had been introduced timing the wars before 
1815, 1 tlunlc one cannot altogether contemplate the continual efficiency of ft great 
structure, weighing, os in the case ot the 7-m gun, thiee orfom times the weight of 
the 12 in , 10-in , oi 0 in senico guns— a gieat moving structuie weighing 60 or 00 
tons— one cannot altogethci contemplate that remaining unaffected by tbe injury of 
time and obanco, and of a thousand accidents It appears to me very piobable that 
undoi tho long continued steady weight upon them, some of these moving parts may 
bend, the journals, for example , the pffect of changes of temperatuie may throw out 
the moe adjustments , at all events, that the coneot mechanism, the peifeet woilung 
which we have admired so much m the fiist carnage and platfoim of Captain Mon* 
crieff, may not bo found after the gun has been on a work of defence foi twenty or 
thirty years These thiee points, that you cannot often leplaoe three guns by one , 
that these guns aie not so secuio against the effects of veitical file, paiticularly in the 
position m which it is contemplated to place them, (I assume such positions as well- 
defined foits at sea), that they aie less fieo fiom usk of injury, notwithstanding then 
disappearance fiom the fiont of the parapot , and that thoy aie still much exposed 
fiom lateral injury to casualties of every kind, are the points which, as an aitiUeiy- 
man, I wish to impress upon the officers present There aie, no doubt, other points 
that will he spoken to, and perhaps Captain Aldexson, who has had practice with this 
7-ton gun, will tell us what his experience is , hut these are points that Btruok me as 
most important in considering the use of this system for permanent works of defence 
That it may be applied to extemponsed woiks, if its weight permit it, and that mdi- 
uduftl guns scatteied about may have all the advantages that Captain Monciieff 
maintains, I fieely admit 

The Chairman General Lefroy has mentioned Captain Alderson as being in 
the loom I think the fiist point we have to consider is the efficiency of the gun as 
a gun That is an Aitilleiy question , and it might he well that Captain Alderson 
should follow General Lefroy, and let us know his opinion of It as such Then, the 
next question will bo its adaptation to purposes of defence Perhaps, Colonel 
Gordon, also, will toll us his experience with the gun 

Colonel Gordon, E A Aftei the lemaiks with which General Lefioy has been 
favouring us, I do not think it would he desirable foi me to take up your time 
Cap tam Alderson, who has actually carried out these experiments, will be able to 
give you the benefit of hjs expeiience m working the gun, I have myself only fired 
a very few rounds fiom it , and I would hear testimony to the ease with which tho 
gun has been worked, not by a skilled detachment of gunners, but by a party of 
office rs undergoing the long course of mstiuotion. Befoie sitting down, I would ask 
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you to allow me to letuin thanks on the pnit of Colonel Elwyn and the officeia of 
the School of Guntieiy foi yom kindness m asking uS to come up heie I will not 
detain you lougei, becauso Captain Mdeioon has earned out the experiments, and can 
give y ou practical information upon the subject 

Captain Alderson, BA Su, with icgard to the case of woilung this gun 
caninge, winch is one of the points mooted, I can only say that, as far as tiamed 
gunneis are concerned, nothing can be simple! It can be woiked not quito so fast, 
peiliaps, as the service carnage, but there is veiy little difference between them— 
about one minute in lne lounds Captain Hononeff’s has been fired at the rate of 
five lounds in 4 minutes IB seconds , with the oidmary carnage, the five rounds oan 
be fired in about 4 minutes 

With icgaid to the danger fiom veitienl file, I must say for myself, I should have 
no feai on that point, judging from the late piaotioe at the experimental casemates 
We were veiy lucky the first day In IS rounds we got three hits, and it took 120 
rounds to get anothei hit 

An Officer What was the range ? 

Captain Aedebson 800 yaids With every appliance that we could get, and 
weighing the ohaigeb most carefully, I tlunk it took 200 and odd rounds to get the 
other hits we wanted The part we wished to strike coveied a veiy small aiea, about 
the same, within a few feet, of what thp Monci leff pit would he 

Anothei thing m connection with the practical woiking of tho gun is the loading 
There is a slight difficulty at present, because we have to use rope rammers and lope 
sponges, such as they employ in the navy These will answer veiy well with 7 ton 
guns and light projectiles, hut I do not think they will do at all when you oome to 
12 ton guns We tiled the other day to load a 7 ton gun with the ordinary lammei, 
and I found we could by giving 4° of elevation over the paiapet Then the question 
is, whether j ou could load above tho pai apet, oi w ith holes tluough the parapet, for I 
think that it would he impossible to load a heavier gun than a 7-ton gun with a lope 
lammer, with tho men placed as with tho 7-ton gun As far as the aotion of tho 
carnage goes, and tho weai and teai, wo have fired up to the piesent tune 180 m 140 
rounds fioin the gun and we have only had one accident , and th it aioso simply fiom 
inattention, oi from not quite knowing what to do And hero, in my opinion, the 
difficulty will arise with these carnages when you come to deal with heavier weights 
than you have at piesont Suppose that something happened to No 1 (who is 
the man that we attach to the break, the man who, in faot, looks after the whole 
appniatus of the gun), oi that he was not looking aftei hiB work, oi was wounded, 
and the bieak was let go, up would fly the gun with gieat momentum, and the 
only thing to eheok it fiom dismounting itself at the present moment are a few 
small screws m the cap squaies in the axles On the occasion I allude to, No 1 did 
not attend to the break in time, or he let the gun lun up and applied the bieak sud- 
denly when it was at its greatest speed , the result was that the whole stiaui was 
suddenly tin own on tho screws I mentioned, one broke and one bent m the cap 
square, the axle shifted, and the gun was put hon-de-combat That would not have 
happened peihaps with a 7 ton gun if theie had been stionger screws I mention the 
fact because when you come to heavier guns it will be a still moie serious difficulty 
There is no provision in the piesent arrangement for checking the gun, should, as 
I said, any thing happen to No 1, who is looking after the break. I have no doubt 
that is a point that Captain Moncneff has paid attention to At present it renders 
the gun liable to be put hois de combat m ease of anything happening to No 1. 
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An Officer I should wish to ask Captain Aldeison what was the angle of eleva- 
tion with the vertical fire at Shoebuiyness ? 

Captain Aldhrson Sixty degrees 

The OFFICER That is higher than the usual angle ? 

Captain Aldhrson Yes 

The Officer It would affect the aoouiaoy of the praotioe ? 

Captain Alderson To a certain extent, of course 
The Officer Not with regard to range ? 

Captain Aldhrson When the range is known, I do not think it would affect it 
so very much 

The Chairman Colonel Wray would very likely wish to say something 
Colonel Wray I have veiy little to say, except that I have the greatest confi- 
dence in the whole thing, from beginning to end 
The Chairman Is them any other officer of Aitillery, or any visitor, ulio would 
like to speak upon the meohamoal efficiency of the gun carnage, before we come to 
any question of its adaptation to works If not I will call upon Colonel Jervois 
Captain Moncriepf Wj th your permission, Su , I would now reply to some of the 
remarks that have been made In the fiist place I should like to allude to the view 
which General Lefroy takes of the aitillerj pait of the question The first pait of his 
remarks refened to a statement made m the pieface to the papei, about the possi- 
bility of the Mononeff gun carriage making one gun peiform the duty of three Of 
course I am quite aware that in a great many oases that would not he the mea- 
suio of the difference , at the Bamo time I do not think I overstated the mattei To 
illustrate what I mean Take the case of a battery placed so as to command a olian- 
nel, extending along its whole fiont By the present arrangement, this battery must 
have thiee faces If the guns of the piesent system are capable of doing the 
same woilc, what is the use of the two extra faces ! In my system you have 
one face, and each gun commands the same range that all the others com- 
mand I do not pretend to say that that necessarily makes my gun thiee times 
ns powerful as the others to the front Take another ease, where the difference is 
twice as great I think It will be allowed that in the gieat majority of oases, you 
would get at least twice as muoh range, or two and a-half times as much range 
Guns in cupolas 01 guns in Moncrleff batteries might he placed where they could 
sweep round the whole oircle , therefore, it is a modest statement to say that a gun 
mounted on the Mononeff carnage might command thiee times as muoh range as one 
In a casemate or embrasure With regard to protection against veitioal fire, I do not 
1 equire to make any remark, because that point has been veiy well answered by other 
officers With legaid to the lasting quality of my carnage, that is a matter which I 
can speak to better than any one Geneial Lefroy seems to have an idea that because 
my carriage has perhaps a complicated appeaianco, and so on, that it will not last 
very well , but I venture to think that if that question were pioperiy investigated, it 
would be found that the chanoe of lasting is more likely to belong to my carnage 
than to any other , foi this ieason , the airangement used foi stopping the reooll, 
namely, by making the position of the counter weight in the firing position always 
coincident with the point of suppoit, takes off entuely the first great strain upon the 
carnage and platfom The stiain is brought on veiy gradually indeed, lepre. 
senting moie the action of an animal lift 01 the aotion of a hand than the blow of a 
machine I am very confident that experience will confirm my view Ipiedict it 
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will be found that etui I ages mule upon my pimciple will not, as General Lefroy sup- 
poses, be likely to weai out8oon, but that they will be found to last uncommonly well 
The most senous objection that has been made was that by Oaptam Alderson, and 
that objection I ngioe to at once It is the loading difficulty Captain Alderson only 
alluded to the use of the rope rammer, howovei I am not awaie whether he was 
present when the telescopic rammer was used It \v as found to answer very well in the 
flist oxporiments Being a vory light and handy rammei, it might be increased in 
weight and in power veiy much, without making it inconvenient , and even though 
there weie no such ohaages as he himself suggested, and others which I should 
like to hear suggested by and bye, I believe the telescopic rammer might be found to 
answer at least for a 12-ton gun When the time oornes for mounting heavier artil- 
lery, I do not think it will he impossible to meet that difficulty in another way With 
regard to the danger of the gun running up, which oaused an accident the other 
day with a dotaohment that were not acquainted with the gun, that also is a flaw 
which I acknowledge, and which I hope to be able to overcome I do not think it is 
a hopeless difficulty, but it is an objection, and I am always glad to have these objec- 
tions bi ought forward I like every criticism that cau be made, because I believe the 
principle is sound, and will be found yet to meet the most serious objections that can 
be made against it 

MAJon General Dickson With your permission, I wish to say a few words upon 
thesubjeot Ihavehad aknowledgeof Captain Moncneff for many years, his invention 
was brought to my notioe first as a model, in Edinburgh, In 1865, I then thought 
very highly of it, and I considered it an invention that might he of very great utility 
if worked out properly That has been done I wish to refer to a few points that 
have been alieady spoken of by General Lefroy One is the subject of vertloal fire. 
I think Captain MoncnefE treats the dangers from vertical fire a little too lightly I 
have myself seen a great deal of the effects of vertical fire I think when you oome 
to have a continuous fire of many heavy mortals, they must search out and find the 
spots where your guns are placed, and many of them must be injured or disabled m 
the course of suoh a fire Theie aie risks to be lun, but I do not think the risk is one 
that can counterbalance the advantages to be derived from the use of Captain Mon- 
eneff's carnage In the same way I think this gun is not perfeotlv safe from direot 
fire Although the gun rises and is seen for a minute only, and may ha shrouded by 
the smoke, I have that knowledge of gunners, that I believe by an ingenious system 
of maiking with pickets— the men have quick eyes, and can mark almost the Bpot 
where the gun nses— many guns will be disabled , I do not say all, but many will bs. 
But, again, I say that this risk does not countsrbalance the advantages of the system 
The great value of this invention is its application to eaithwoiks The great weak- 
ness of embrasures has been the cause why we are now trying to shield oui forts and 
do everything we can to protect them fiom flic , but we know not yet what Is the 
power of penetration into earth possessed by heavioi ordnance We know that the 
great defect of all earthworks haB been embrasures By closing the embrasure, the 
gun is protected from direot fire, and from any liability to be destroyed, except at the 
moment of using , but I do not think we can dispense with the number of guns that 
Captain Moncneff thinks we oan do without, by the mtioduction of bis system We 
might take away one m eveiy three in a work, and allow more space between the 
guns, whioh ensures I'm safety of the guns and men , but in an important work, I am 
of opinion that you cannot reduce the number of guns so materially as Captain 
MouciieD! suggests, 
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Colonel Jervois, C B , EE Like Colonel Wray, I have great confidence in 
Captain llonci lefts system of mounting guns Captain Moncneff describes m the 
pamphlet, poitions of which have been lead, the object whioh he desues to 
attain by this invention “ The conditions desued weie simply to obtain a a} stem 
of filing ovei a solid parapet, while pieseiving fiee lateial range, and neithei 
exposing the gun and detachment, noi involving the labour of raising and lowering 
the piece , m olhei words, of gaining the advantages of a baibette battery without 
its defects ” That appears to describe in one sentence what is attained by Captain 
Moncrieff’s system of mounting guns It is said, howevei, that we shall be able to 
improvise works by means of this system, and it is implied that hitherto we have 
been unable to do so I oannot conoui in that statement Anything that can be 
done with respect to the coustiuction of temporary woiks foi guns mounted on the 
Moncneff principle, (excepting, of couise, the fulfilment of the condition for which 
this oairiage is expressly designed) could be done befoie the introduction of this 
invention, as easily as now We hove always had the powei, where the conditions 
permitted its exercise, of constructing temporary earthworks, temporary magazines, 
and of making every airangement foi mounting guns temporanly , but with this 
disadvantage, that the guns weie eithei open to the objection to which embrasures in 
an earthwoik subject them, or were continually exposed if plaoed en bat bette 
Captain MoncriefE has found a lemedy foi these defects 
With respoot to the application of tins system to permanent woiks of sea defence, 
the several conditions under which we have to consider the question aie first, in 
eomp.mson with woiks constructed with embrasmes hut without iron shields, 
sccondl), with reference to baibette hattenes , next, in comparison with works 
provided with non shields at tho embrasmes, again, we have to consider whether 
this Rystem in any way aftects the employment of casemates 
As regards the flist point, theie cannot, I think, he a question that the system of 
placing the guns behind a solid paiapet and merely exposing them when filed, afioids 
a great advantage as compaied with the oidmaiy embiaeuie battery It does not 
require any observation to enforoe such a view 
With respect to the application of the sybtem in cases wbeie barbette batteries have 
hitherto been used, the question is one of expense Probably, at an elevation of from 
one to two bundled feet above the water, it would not be desirable to incm the addi- 
tion il expense of MoncriefE carnages, although, even at such heights, some additional 
security would be obtamed by adopting them In all cases of barbette batteries at 
no gi eat elevation abov c the water, it appears desnable to apply the MoncnefC system 
of mounting guns , that is to say, to guns for which tho system is hereafter found to be 
applicable As j et, it has only been tried with the 7 ton gun 
When compared with battenes constructed of eithei eailh or stone with lion shields 
at the embrasures, it will probably be found that a consideiahle saving of expense may 
bo effected by adopting the Moncneff system In such battenes the guns have 
usually been placed at about the s line intervals apart as would bo adopted in 
the case of a batteiy for the Moncneff carnage It is only neoessaiy, tlioiefore, 
to fill m and folium a Begmental shape, the space where it has been pioposed to 
place the non shields, provide cncuiar laccis, and geneiallv, in othei small details, 
form the work for the leception of the new can lage And this can be done at a cwn- 
paiativelj small expense, provided we aie content with the piotcction afforded by a 
paiapet cither of masonry only 01 of oaith and conoieto, with an mtenor levetinent 
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of bnck-woik 01 stone In this case, it will probably be found that the saving of 
expense will bo couBideiablc Such saving, however, will disappear, if, as many 
think necessaiy, the superior slope of the pniapet be plated with non The amount 
of saving eflocted, supposing lion be not employed, will depend on the additional 
cost of the Moneneff carnage ovei the oidmary curiage I believe the Moneneff 
carnage, together with its platfoim, foi a 12 ton gun, will cost about £1,000 The 
oidinary carnage, when applied to a 12-ton gun, togethei with its platform, costs 
about £400 An iron shield costs, say, fiom £1,000 to £1,200 Tbercfoic, if those 
figures aie oonect, and £50 be allowed as the extio cost of the parapet foi the 
Moneneff gun carnage, thme would bo a saving of fiom £350 to £550 pei gun, by 
the adoption of the MoueuefE carnage foi 12 ton guns This saving would be less in 
the case of laiger guns, foi tho cost of Moncweft carnages for such guns would, pio- 
bably exceed what I have stated Nevertheless, we should still have the advantage, 
whenever we want it, of the increased lateral range afforded by the Moneneff system, 
when, compared with the Bplay of 70° training, which is obtained from an iron shield 
with a port 2 ft G in wide 

W e now oomo to tho oonsidei ation of the question vvhethei the introduction of Cap- 
tain Moncneff’s cauiage will lead to the abandonment of oasemates for sea battenes 
I thmk that an investigation of that point will show that it will not In the first 
plaoe, we can only get one gun on the Moncrieff system in place of two, when case- 
mates aie employed, and although, no doubt, considerable concentration can be 
obtained by tho adoption of the Moncrieff system, yon do not obtain the same amount 
of concentration on one point that you would fiom double the numbei of guns m 
casemates , and if you take the case of attack by a squadion of several ships instead 
of by one vessel, the concentiation on any one vessel will he very laigely xeduced 
Again, the protection against direct fire Is not so good as it is in casemates when the 
small embrasui es of the present day ai e taken into account, The gun mounted on the 
Moncrieff system is exposed to shot and shell fired at high angles The parapet oovei - 
mg the gun is liable to be knocked away at its inteiioi oiest, and so the gun will bo 
exposed, unless special means aie applied to meet the oase Then as legaids vertical 
fire, I think this is a point which should not be entuely lost sight of In the oase 
of a bombardment from a numbei of mortal vessels, firing shells that buistmthe 
air, or m the works round you, and behind you, you would ceitainly not disregard 
vertical fire, and I thmk it would be found advisable to have piotection against it 
We thus have a greater concentration of file from the casemate battery , better pro- 
tection against diiect fire , and protection, which is not obtained in the other oase, 
against vertioal fire So that we come to this although we eon apply the Moncrieff 
system, and obtain a saving of expense by doing so in the case of open battenes, it is 
not desirable, aB a general rule, to apply it in lieu of easemated battenes , although 
we might in certain eases substitute the Moncrieff system foi a easemated battery- 
such substitution being for determination, according to the circumstances of each par- 
ticular oase — we should not altogethei disregard the eonsideiations which I have 
ventured to submit In some instances, it should be observed, the area foi the foun- 
dations of a work is limited, and the capaoity of the work is very small In such 
oases you cannot get the amount of fire you require by the adoption of the Moneneff 
or the ordinary barbette system. The guns in the barbette system are necessarily so 
far apart, that the amount of fire obtained by applying tins system m the mstanoes 
referred to would not he worth the expense of the foundations and. basement, It 
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would lie better to expend the money in some other way foi the same purpose Tins 
obseivation would apply to such oaBes as the Spithead foits, the uoik on the Middle 
Giound, Bombay, and other places As regaids substituting guns mounted on the 
MoncnefE system for tuiiets, theie is no doubt that guns mounted on the MoncriefE 
system would cost much less money than guns mounted in tuiiets A turret for two 
guns would not cost less than about £20,000, whilst perhaps two guns on the Mon- 
cneffi Bystem might be mounted complete foi about £4,000 On the other hand, the 
two guns In the turret aie thoioughly pioteoted at all times , and although perhaps 
not absolutely protected against vertical fire, there is a great advantage in the turret, 
if the question of oxpenae is not taken into account I do not think that so far as 
the application of the MoncriefE system to works of sea defence is concerned, there 
is any other oase foi oonsideiation 

As regards the application of the Monoiieft systom to land woiks, such as the 
Poitsdown works, the works at Antwerp, the Gospoit foits the Plymouth, and other 
land defences, it seems to me that it would be most valuable, not to the entue 
exclusion of batteries covered over ahead, and protected in front by iron shields, 
but as forming the main portion of the armament of such works I may say in 
conclusion, that I think we are gieatly indebted to Captain MoncriefE for this 
invention 

Major Geneeal Sib William Denison We owe, m the first plaoe, very great 
thanks to Captain Monoueff for the talent and energy that he has displayed in 
bringing this machine to perfection Wo are discussing it now from two points 
of view, We must look at it fiist as a woapon provided by the Artillery , and 
next as to the mode in which we Engineers, ore to apply it As to the first we 
have to look at its capacity for deliveimg its fire, and to the efficiency of its 
meohanlcal parts With leference to those two points, I must say that every- 
thing has been admitted , that is to say, its action is shown to be perfeot— 
there is uo jar— at least, with the single exception mentioned by Captain Alder 
son With leference to the difficulty of checking the notion of the counter- 
weight when bringing the gun up again, I have no doubt Captam MoncnefE will 
find an easy means of modifying that arrangement The gun and the oanlage 
—the cairlage, rather, which carries the gun— seems to me to be as peifeot a meoha- 
ruoal adaptation as we oan possibly require I am sorry that I was not able to go 
down and witness the experiments at Shoebuiyness, but I have heaid from officeis 
present what has been stated by officers to night, that nothing oan be moie perfect 
than the action of the carriage As to rapidity of the, I think that is a matter of 
very little moment Whether you file five lounds m foui minutes, or whethei you 
fire steadily one round every two minutes, is a matter of little importance, except in 
particular oircumstanees But taking the gun generally as a weapon, nothing oan 
appear moie perfect than this for particular purposes 

Now, as regards our mode of applying it we ore told that when in a battery, it is ex- 
posed to vertical fire That is perfectly hue, hut so is every gun I do not think wc 
really can expect to turn out soldiers to put them behind batteries, and expect them to 
fire away and hit their enemies, and not run the chance of being hit themselves Of 
course, there is nek , and there must be gieat risk But, again, I must say, I think the 
risk haB been exaggerated I freely admit that if you have got 100 guns or mortars 
firing shells at one isolated gun pit, the chances me that after half an hour, or an hour, 
or two or three hours, j ou might pitch a shell into the pit and destroy the gnu. But that 
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would not be the case where you have got a numbei of gun pita , you would piobably 
have 50 01 60 of them, and eveiy gun would be bearing upon the guns of the enemy 
in return 'fhoicfoie, to tell you the tiuth, I do not think the notion of vertioal fue 
upon a gun of this kind will be a hit worse than the effect of veitioal die upon 
oidmniy guns placed 111 an ordinary batteiy not coveied by oasomates As far aa 
regaido the notion of vertioal hie upon a gun, it 13 reduced to this the Moncueff 
carriage is a little moie expensive cuiuago I do not know exactly the amount, but 
it is, perhaps, a moie expensive carnage than tho oidmaiy cainige, and, therefore, 
liable to involve more cost for lepaus if injuied The next objection made was 
withiefeioncc to the effects of lnteial lire, that is, sphnteis and shells But, I sup- 
pose as m eveiy othei enso, tho gun will eithoi be in the pit oi it will be covered by 
some soit of expedient such as is usually emplojed, and the lisk it will mn will 
not be moie than m the exact pioportion of the additional surface exposed , that is 
to say, if it expose double 01 tieblo the suiface of anothor gun, of course, tho risk 
from splinteis and shell flying about, will bo double 01 treble , but I do not think 
that is a usk which lequucs much notice Of course there is risk You cannot go 
to war and have people flung at you without sometimes being knocked on the head. 
Then, as to the wear and tear, if I understand aright, it is all formed of uon. 

Captain Moncrieff The carriage 

Sir William Denison The carnage I believe you propose that it shall be 
formed of iron 

Captain Moncrieff Yes 

Sir William Denison I do not think there is any moie chance of that corro 
ding than theie is of any other lion construction ooirodmg I do not think the 
healings are likely to sag or give, if propeily constructed in pioportion to the weight 
they have to cariy Therefore, looking at it as a weapon, I think we are fauly 
entitled and perfectly justified m thanking Captain Monoiieff foi giving us Engmeeis 
the opportunity of placing behind oui works an article of that kind which can be 
made so very effective I was coming home fiom India, and I thought it was de- 
siiahle to stop at Malta and Gibialtai on my way Nothing stiuck me so much as 
the totally indefensible condition of both those places Malta is a place built of soft 
rotten stone, more like chalk than anything else, with an enoimous number of small 
guns mounted upon it The laigest guns that I saw there were 90-pdi bieeoh- 
loaders , these were mounted on ba> hette Very much the same was the case at 
Gibialtar, although the guns were placed fuithei back, and weie not exposed so much 
as these weie An non- clad might have sailed into the haiboui, and firing light and 
left, might have smashed the whole of Malta m a very short time I thought it 


Captain Moncrieff You might safely sav £1,000. 
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SIR William Denison The carnage costa £1,000 , that is for a 10-ton gun 

Captain Moncrieff , A 12-ton gun 

Sir William Denison I think we may safely say, that for a 12-ton gun the 
ordinary carriage, the tiaveising carnage and the platform would come to £400 
But in one case the gun Is exposed, in the other case it is concealed You have here 
the power of plaolng a gun behind even an eaithen parapet, 01 a stone paiapet, of 
sufficient thiolcness to resist whatevei shot may he filed against it The gun is ex- 
posed for a very shoit penod You have got the power of laying the gun while it is 
concealed , and then all you have to do is to bung it up to its pioper position and file 
it, and the very act of filing it brings it down again undoi cover Therefore, I con- 
sider, foi all purposes of coast defence, the defence of salients, and everything of that 
kind, nothing can ba better adapted than this paiticulai gun I quite agree with 
Colonel Jervois that it is not adapted for every site If you are going to build a 
foit on a quicksand, 01 upon a slioal with limited aiea, and your object is to get as 
much file out of that fort as you possibly can, you cannot then uso a gun of tins kind, 
though you might use it on the top , you cannot, probably, dispense altogether with 
the casemate m such a position But with coast batteries, it strikes me that your 
plan is, not so much to concentrate a number of guns on any paitioular point, as 
to extend youi lino of guns, so that while one gun is firing on a vessel and taking it 
on its broadside, another may fire and take it on its quartei, thus spreading your file 
as much as you oan, instead of ooncentratiug It on a nanow area That would be, 
perhaps the bettci mode But that is not the question now. The question is 
whothei Captain Monoueff’B mode of mounting heavy guns does not offer to us 
Engineers a veiy convenient and useful mode of getting a heavy file with a fewer 
numbei of men of covering j our men, and enabling them to work the guns with less 
risk to themselves, and with positive good effect foi tho defence I oan hardly 
imagine a place m lvhioh it would not be available, except in oasemates , as I have 
already said, you cannot put a thing of that kind into a casemate As to the pi opoi - 
tiouate efficiency ot the gun, you cannot say that it is woith two guns or thiee guns 
everywheie , but you can positively say that, in oeitain plaoes, where it has the 
power of traversing thoroughly, like a gun in a Martello tower, it is worth half a- 
dozen guns fired through poits oi embrasures I do not know that it is necessary to 
say inoie In my opinion we owe very great thanks to Captain Moncrieff for his 
capital invention 

Admiral Sir Freddriok Grey It is difficult lor a naval officer to give nn 
opinion upon a subject which so peculiaily belongs to the artilleryman and the 
engmeei But I think Captain Moncneff Btated that you might do with less guns 
by tho adoption of his plan He illustrated that by saying that m a channel a bat- 
teiy of the ordinary kind would lequire three faces one to file aeioss, the othei two 
to file up and down , while m his plan jou might have a battery with one face with 
guns all in a line, and, therefoie, get a greatei amount of file than m the other case 
Tho question I should like to ask is this I presume it is always contemplated that 
in such a case as this the battery n ould he attacked, not by one ship, hut by a pow- 
erful squadion Ho single ship would attempt to attack a batteiy of that kind 
Then, supposing a squadron to attack it, they would, of course, attack eaoh part of 
the bnltery Tlio fire fiom the ships below would attack the battery at one point, 
if they succeeded in passing it, their fire would he directed at another I should like 
to know, unless these guns aie protected by traveises, what the effect of that oblique 
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fire from the ships below would be upon the guns which were engaged with the ships 
directly opposite 1 Is it not piobable that a great many of these guns would be very 
soon disabled 1 That is a question to which I should like an answui It is a point 
that has struck mo as having an impoitant healing upon the question of the leduo- 
tion of tho number of guns 

Sir William Denison I think that observation would apply just as much to 
one set of guns as it would to another These guns would, at all events, except in 
the actual instant of flung, be under cover The lateial fire from below or fiom 
above, or the direct fire, would be equally inefficient against them, except duimg the 
instant they aie on tho parapet But if you take the case of an ordinaiy batteiy, 
you have a single stiaight line oontammg a do7on guns, or rathei a broken line con- 
taining 86 guns, twelve on eaoli face, flung part up, pait down, and pait abieast A 
portion of theso 36 guns, the dozen guns to the light, would open as the vessels were 
coming up As soon as the vessels had passed them, then- file would cease Then 
the flie would be taken up by the 12 guns in fiont while the vessels were coming 
abreast of them Of course, as soon as the vessels had passed them, their flie would 
cease So again with the lomauung 12 guns, they would take up the flie as the 
vessels passed them But with these guns, being capable of traveling all round, 
you might keep up their fire the whole tune I do not mean to enter at all into the 
question whether one gun mounted on a Monoriefl carnage is woith thiee otlici guns, 
or not , still, I think the dilfeiencc of lange — the cxtiaoidmary amount of range 
whioh these guns possess — must give them gicater power 

Admiral Sir Frederick Grey That is not my question 

The 0 ii airman I think that what Sir Ficdeuck Giey meant was whether a 
batteiy armed with Moncneft’s guns would not lequlre traverses the Bame as any 
other barbette battery I should say certainly it would Although tho gun itself 
might only have its muzzlo ovei the paiapet, yet, if the battery is exposed to oblique 
fire, it must require tiavoiscs 

Lieut Colonel Eioh, EE I think the Moncueff gun has its own trav erse The 
veiy pit forms its tiaveise Each gun ism its pit, and tho pit Itself forms its tiaverse 
The Moncueff batteiy is traversed per so, without a traverse at all, because every pit 
is its traverse , and the moment the gun is flied it is behind that traverse 

Lieut Colonel Inglis, K E Tho point that is now being discussed, seems to me to 
involve the question of the gieatest objection to Captain MoncnefE's system , that is, as 
I understand it, the exposuie of the gun while it is in its filing posit ion When it is 
down and bemg loaded, it is all light When it is up it is fully exposed, and, to my 
mind, a gieat deal too long exposed foi the accuracy of the fire of tho piesent day 
On one of the occasions of the gun on tho Moncuelf carnage being fired foi lapidity 
at Shoebuiyness, I happened to be at about light angles to the line of file, and some 
200 oi 300 yards distant fiom the gun, and I observed each time it was brought up, 
how very much exposed it was If I had had a gun m the position I was in, oi even 
at a considerably greater distance, I feel sure I could have hit the gun in the Mon 
criefE battery almost every lime that it was up , that is to say, I had time to lay with 
accuracy, and file Therofoie, I considei a gun on the Moncueff carnage, while it 
is in the firing position is too muoh exposed foi the fire of the piesent day With 
regard to the oase of a gun engaging a single ship oi any one object, of couise, the 
gun then presents a very small maik to the enemy, but when the fire fiom tho ship 
is oblique, and the enemy gets the full bioadside view of the gun, then it i evident 
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that the gun will requne more protection than it is likely to receive uudei this 
eyatem I think it will he tound in piactice that considerable time will be taken up 
with the gun in the flung position At any late, I cannot believe that the 
aotual work of the gun will resolve itself into that of its bung loa led, biought up to 
the fii mg position, filed immediately and dropped behind the pin apet X do not believe 
that will be the ease at all The fighting of a gun cannot be so simple a thing as 
that in actual sei vioe You must have to watch youi opportunity to lay the gun, to 
wait youi opportunity to get the object in a favoui able position, to wait and hold on 
from time to time, and only to file at the best advantage At any rate, I cannot 
believe that it will ever lesolve itself into the simple piocoss of a gun being popped 
up over a paiapet, filed ofE at once, and let down behind it agarn If it should be 
so, then the invention will be a gieat success indeed Neither can I think that m 
those positions wheie a gun would ho exposed to ftio fiom moie than ono dneetton, 
that the Monorieffi system could bo veiy well applied 

Colonel Gordon, E A I fancy that the officeis who are now down at Slioebuiy. 
ness, who have been piaetismg with this gun, will not bo of the opinion which has been 
expressed by Colonel Inglis I think Captain Aldei son will agice with me that the gun 
oan he laid with the greatest aeouiaey bv making maiks on the ruceis, and bv having 
buoys and pickets in front of the gun , this has beeu done at Shoeburynoss, marking 
out certain positions The piokets being placed in fi ont of the guu, eoi lespondmg with 
certain marks on the racers, the gun can be travel sad when below Let it be said 
that a ship is between certain pickets , the gun oan bo tiaversed over to the 001 res- 
ponding maika, the elevation (which is known by the buoys) oan bo given down 
below, and the gnn, having the line given by placing the traveising platform on the 
marks on the racers, can be laised and fired mmeductely 

Lielt Colondl Chesney, E E There is ono pouil in the original paper which 
no speaker has touched upon in the slightest degree It is said that this gun is ap- 
plicable foi use in the field as a “ gun of position,” at least so I understood fiom one 
of the passages that was read May I ask one of the distinguished Aitillory officers 
present to tell ns in a few woids whethei it is possible, in his view, that this gun car- 
riage oan evei he thus applied in the field ? To my idea, I confess it is totally im- 
practicable that the Moneuoff mounted gnn, as it now is, oan be oithei used in the 
field as what is teuned a gun of position, or moved like any ordmaiy gun that 
might be employed for the suppoit of an aimy in action m open giound 
General Leproy I would nmiely reply to the question as to whether it is pos- 
sible or probable that an appaiatus of this de3onption should accompany a field tram, 
and be extempoused in a position chosen on special occasions I eutirely coucui with 
the office! who has just spoken, that such a thing is not to be contemplated The 
apparatus is of a veiy pondeious nature In the ease of this gun it weighs thieo 
times the weight of the gun itself —a 7-ton gun , the whole thing weighs 28 tons , and 
from the time required to put it togethei, and a great many other conditions of 
accurate equipment, it appears to me a thing not suitable foi accompanying an army 
m the field, whatever the other purposes it may he applied to A woid as to the 
time during which this gun is exposed when in the filing position Here, also, I agree 
with Colonel Inglis that it must ho exposed a much longer pioportion of time than is 
taken foi gianted mthe paper Unless we are content to give up the accuiaoy of 
the rifled gnn, the laying must he done by vision, and take the usual length of time 
Captain Monoriefi’s elevei reflecting sight will not, in my opinion, satisfy the require- 
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merits of actual engagement , I can only regard it as an ingenious toy I should 
like to have Captain Alderson’s opinion, whethei, if lie weie personally engaged, ha 
would ever dream of using the inflecting sight lathci than dnect vision 

Captain Alderson With regard to what General Lefroy has said about using 
the reflecting sight, I certainly should not use it on eveiy occasion Except to cor. 
reot the line, I do not see the slightest advantage in it Captain Jloncrlefr has 
prepared a plan for a trunnion -pointer, which answers all the purposes of elevation 
and at Shoeburyness with the running target the leflecting sight was not used at 
all The line was taken by maiks on the racers, and the elevation given by the 
trunnion -pointer with the guu down When the gun was run up, I think not more 
than 20 seconds, on tlio average, elapsed before it was fired We were not lucky 
enough actually to hit the target The taiget was only a 6 foot one, and moving as 
it was seven miles an houi, it was not an easy thing to hit , still we went near 
enough to Batisfy most people that if it had been a moderate sized ship, or even a 
gun boat, it would have been sti uclc neaily every round 
An Officer Was the target going ten knots an hour ? 

Captain Alderson Seven knots an hour With regard to the mortar fire, I 
should have said that the vertloal file wo tried was at sixty degrees of elevation, but 
then, remombei, the lange was only 800 yards I do not believe that any mortar 
boat would dale to come in at 900 yaids , if it did, it would very soon be sunk , and 
at 1,600 and 2,000 yaids, I think we ought to hit an oidinary mortal boat with the 
guns we have at the piesent day The othei day we filed the 7 mob guns with five 
rounds at a six foot target 1,600 yards off, and it was hit three tunes in five minutes 
A mortar boat is a largei object than a six foot target , if she altered her range, she 
would be thiown out of her aocuraoy of fire, and if she anchored so as to obtain 
aoouracy of file, X think we should sink her 
Lieutenant Innes, R E With regard to what Captain Alderson has said about 
vertical fire, I think it is the fact that moitar boats have never been brought into 
notion at all since the introduction of rifled guna, in consequence of the inoi eased 
acouraoy of file Also, with leforonce to giving the guns elevation under cover, and 
without being exposed, I might state that the Confedeiate artilleiy dunug the Amon- 
can war, used an anangement foi that puipose, which I dare say, is something of the 
same class as the tiunmon-pomier It was a scale pamted roughly on the breech of 
the gun, and a slip of wood fixed upon the carnage and picssmg against the scale on 
the breech Ton could tell at once by examining the scale, what number of degrees 
of elevation the gun had above or below the point blank, and could consequently give 
it elevation without looking ovei the sights at all This was found to work perfectly 
m practice at nighttime One man gave the elevation from this scale by a small 
lantern, whilst another was giving the lme by looking over the sights 

Major Harrison, R E There is one point I should like to hung before the meeting 
and leave it to more competent officers than myself to decide whether or not it is 
worth discussion It is generally admitted that the carnage is a good one , it is also 
admitted that a gun mounted on this carriage will be veiy advantageously employed 
in certain positions m oni coast defences But there is still one thing that I have 
not heard discussed, and that is as to the deBcuption of pit m which the gun and its 
carnage is to he placed One of the great advantages claimed for Mononefi’s system 
is its cheapness , and this, I presume, presupposes that the pit is made of earth, and 
that eithei the gun is sunk in r pit, or that a tower of earth, varj mg fiom 40 to SO 
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teet in. thickness, is built all round it Well, a good many of us know the effect upon 
earth of any land of piojectilo , how a 18-in shell falling, will, if it does not m]Uio 
tlie gun itself, throw up a mound of earth mound it, which eeitamly would veiy much 
come in its way, rising out of the pit to fire at a distant ship I should like to hear 
from Captain Moncueff whether he considers it advisable to lion plate the top of his 
pit, and if so, what would he the expense 1 That is just one suggestion that came 
ncioss me during the discussion this evening 

Captain Honcrieff In answei to that question, I should Bimply say that I 
should never piesent any extenoi slope of earth at such an angle as to allow penetia- 
tiation from shot The angle of incidence would always he sufficient to cause i icoaliet 

Colonel Jeevois I belicae it must have escaped Majoi Hmrison, that when I 
spoke before this evening, I alluded to the pomt to whioh ho refeis It is diffioult, 
without a black boaid, to give tho meeting any idea of the pomt in question , but 
peihaps this sketch may seive Hole is a rampait of the oidinary description It is 
obviously very weak at the orcst, whether it be constructed of masonry 01 of emth 
One way of getting over tho objection would be to out away the angle, and plate with 
non a certain poition of the supeuoi slope Another way is to insert a mass of oast 
lion These points aio details for consideration in the construction of woiks adapted 
to the Mononeff system 

The Chairman Peihaps Captain Ilononeff would like to leply to some of the 
remarks before we break up ? 

Captain Moncriepf I should like veiy much to reply to all the points that 
have been In ought forward, but I am Buffering veiy much from the effeots of a con- 
verging lire I have had objections fired at me from so many drrections, that it is 
veiy diffioult to meet them If you take each point of my plan by itself and analyse 
it, no doubt, jou mil be able to find objections to my system Mj r system 2S not 
perfect— it has its objections , but I nevei wished to bung it forward as a peifeot 
one All I would say is, that if you take it as a whole, I challenge comparison with 
any othei I think, peihaps, the best thing I can do, in attempting as shortly as 
possible to answer these objections, is to go backwards, beginning with the last The 
last difficulty that was started with legaid to the battery was the weakness of the 
revetment or wall of the mtonor slope of a gun pit Colonel Jervois also pointed 
out the possibility of a shot Btiilcmg near the top of tho slope In answer to that 
I would leniaik that the levetment can he made stionger for the same money tlmn 
with any othei form, because it is a well known thing that m building a domed wall, 
you got the qualify of the aioh both ways , you have tho strongest Btiucture that 
natiuc pioduces, whethei it is built with buck 01 stone, or whatever material is used 
t have seen 13-moh shells penetiate the ground and buist neai me, and I know the 
kind of ci .iter they foim It is, peihaps, thiee or four feet m depth, and three or 
foul feet m diameter, at the very most I maintain that if a shell fall within six 
yarda of a gun pit, piopeily foimed,with a 3-foot avail, the chances aie that the ciater 
, would not go near the pit With legaid to the American tiuimion-pomter which 
one gentleman spoke of, he attempted to make out that mme was not ougmal I 
have had a descnption of the instiument, which he spoke of as a first invention, 
fiom a very good authority, namely, General Ripley, of the Confederate States, 
Under whose command, I believe, the instrument was used. I undeistand it oonsisted 
of a piece of common stick, whittled by an American knife It was adjusted by trial, 
and was put in its place, and answered admirably— as well as my tiimmon pointer 
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would , but I beg to add that a trunnion-pointer was not applied as I have applied 
mine in this case The flank exposuie of my gun is ceitninly a weak point , but 
tlieie is not so much in it as Colonel Inglis seems to think After the lemarks of 
Captain Alderson, as to the time required for firing, it will be allowed that it is not 
worth putting tiaverses above the level of the crest, to save the gun, if you only 
expose it for a few seconds In woikmg battenes upon my system, those mrange- 
ments which enable you to prepare the gun for aiming before it comes up, should 
never be neglected I do not know whether gentlemen present have seen the gun 
worked very much, hut a gicat pait of the laying is done befoio the gun comes up 
Therefore, It is the fault of the men if they keep the gun up as a target lor any length 
of time I should like to ask Colonel Inglis a question if you will pcimit me I 
suppose he will be able to answer it I want to ask bun what is the pnoo of an 11 on 
casemate oomplete, with magazines and foundations, such as that at Plymouth 
Breakwater, or at the Medway Ports 

Lieut Colonel Inglis I cannot undertake to answer that, but perhaps Colonel 
Jervois will 

Captain Monorieff Colonel Jervois , can you answer my question— the price 
of an iron casemate complete ? 

Colonel Jervois For how many guns 1 
Captain Monorieff For one gun. 

Colonel Jervois One gun m a casemate ? 

Captain Monorieff An non casemate for one gun, with magazines complete 
Colonel Jervois In making a companson, you should take into consideration 
the cost of the magazines and all the applianoes which aio necessary in eitliei case 
Captain Monorieff I want the oost of building the magazines and eveiythmg 
complete. 

Colonel Jervois One oasomate of an iron fronted battery (masonry included) 
must be put down at about £5,000 per gun 
Captain Monorieff A very unfavourable companson was diawn between the 
exposure of the detachment m a Mononeif batteiy and the detachment in a case- 
mate I should like to ask any gentleman who has been at the tompoi ary Monci leif 
battery, which was put up for £6 oi £7 at Shoehuiyness, whether ho would not 
rather stand m that battery agamst the fire of a ship, in preference to standing in 
the best experimental casemate that has been put up there 1 
Captain Cobnes, B E No, oeitainly not Ton must take into account the pro 
bahle ranges at which the guns will attack the casemates 
Captain Monorieff Would you prefer a casemate ? 

Captain Oornes Certainly 

Colonel Freeling, B E Perhaps I might inform Captain Monci ieff that the 
penetration of a 600 lb shot, fired from a 18-in gun at 200 yards, is about 60 feet 
mto a butt of earth, and that the penetiation of a 160-pdr 9-in shot, fired at the 
same distance, with the service chaige of powder, is about 30 feet Theiefore, he 
would have to provide protection for 60 feet m front of his gun, if he is likely to be 
attacked by 600-pdr guns, and a protection of 40 feet m front of Ins gun, if he is 
likely to be attaoked by 150-pdis , and if the enemy are filing shells with heavy 
bursting charges, he would also have to piovide extra piotaction to secure himseif 
against the extia crater that would be made by the buistmg of the shells in the 
earth 
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CAPTAIN JIONORIEFF With leg.ird to another point that is b) ought against ray 
system, namely, the limited space in some positions, I should like to mention to this 
meeting a fact which is appmently unknown, that the carnage which is now being 
experimented upon at Khoebui yness, is not the only carnage upon my pimciple I 
have many others X have carriages which take up much smaller space than any 
oarriaga that is now used, so far as bieadth upon a paiapet is concerned I have 
also, as you anil see In my paper, siege carnages for guns of position, which are as 
easily moved as any othei siege oam ages are, only avith the addition of an extra 
weight Of com se they beiu no resemblance to the one we have befoie us I have 
had so much difficulty in getting anything brought forwaid, that I am verv glacl to 
confine myself to one pait of the system until it is acknowledged When this form, 
which is being experimented upon, is acknowledged to be sound and good, then it 
wall be time enough to bring forwaid the othei pnits of my invention With legaid 
to the fhst part of the subject, namely, getting a numbei of guns in a limited spaoe, 
the way X obtain that result is this I am supposing that the space is one whore 
great lateral range is not required In that ease I dispense with the carnage pioper 
I put the trunnions of the gun on the elevators, and I have a suspended countei- 
weight, whioh passes down through the platfoim into a cell beneath Suppose these 
guns were required on the top of an non casemated woik, I should pass iron rods 
down to the bottom , and there a laige iron basket, filled with rubble, would be 
sufficient to not as a counter- weight to my gun I have been aft aid to bung 
forward too muoh, as I find that every opening I present is very soon filled by those 
people who wish to assail my Bystem Theiefore, I think it is better to ooufine my 
attention to this carnage, and afterwards, when the proper time airives, I hope to 
he able to give the Engineers a good deal to think about in the way of carnages, 
different from the carnages they have noav got 

AN Officer I should like to ask Captain Mononeff avhethor a oarnage on 
his principle for a 12-ton gun is now m process of oonstiuotion 7 

Captain Monorieff In answer to that question, I beg to state that about six 
months ago, after the first successful experiment at Woolwioh established the sound- 
ness of the principle of my carnage, I uiged the Government very Btiongly to pei- 
mit me to have that assistance which would enable me to prepare working drawings 
for mounting heavier oidnance, but my urgent request has never been attended to , 
and I am sorry to say that no such carnage is in process of construction I think 
I have said quite enough 

Colonel Jtavois I wish to make ono or two observations with reference to the 
question Captain Mononeff a3lced mo, with regaid to the cost of a oasemate for one 
gun, mounted on an ordinary casemate carnage and platfoim X stated it to be 
£5,000 per gun I should observe, however, with reference to that statement, that 
we have worked out a di awing of the casemate which would be required if the 
Mononeff oamage were mounted in caseinates Captain Moncueff does not piopose 
to apply it m that manner, nor do I , but m order that a compansou may be made 
between the cost of a casemate giving 70° lateral range on the ordinary plan, and a 
oasemate adapted to Captain Mononeff’s carnage, giving 120° lateral range, I may 
mention that the estimated cost of the latter at the same prioe is £11,320 per gun, 

Captain Monorieff 7 How muoh does the othei cost per gun 1 

Colonel Jebvois The othei costs about £5,000 pei gun. 

Captain Moncmeff I cannot accept that statement upon a drawing I have 
never seen and have never been consulted about 
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Colonel Jervois I only mention it by way of comparison I do not tlnnk 
your carnage is applicable to ciu.es where overhead cover is desirable 
Lieut -Colonel Fisher I wish only to observe, with legal d to the exposure of 
the gun mounted on Captain Moncrieff’s carnage, that he has taken up a very bold 
position, a bolder position than we should have called upon him to take, in pioposmg 
that lus gun, when employed in coast defences, should the all round the circle 
There are few cases in which you would lequue a coast gun to file over a lateial range 
of even 180 degieeR I imagine that hy means of honnettes the gun might he very 
much pi otectcd from enfilade fii e without loss of efficiency The part of the gun 
exposed would he very much smaller than the entire broadside, which we have been 
taking into consideiation as being exposed You might lequue a gun at oach end 
of a sen battery capable of being turned through 180 degiees, hut you would hardly 
evei desire to give that amount of lateial range to any gun in a face of a battery 
The Chairman I am afiaid that the horn is approaohuig to adjourn the dis- 
cussion We all beg to return oiu veiy sincere thanks to Captain Moncneff for 
attending heie There is no doubt that his gun carnage has proved a peifect success. 


ADJOURNED DISCUSSION.* 

MAJOR GENERAL FROME, IGE, &o, IN THE CHAIR 

( The Chairman At our last meeting we discussed the question of the Moncrieff 
caulnge, moie particulaily with refeienoe to its mechamoal construction, as on that 
occasion we took up the subject, m the (list instance, as an -utillery question We 
weie then favoured (as I am glad to see we aie to-night) with the piesenco of a 
numbei of AitiUeiy officers — Geneial Lefioy and otlieis— who gave us then opinions 
from that point of view I believe the result of the discussion was the admission 
that the Moncneif cai nage, as a gun-carnage, was a perfect success , and that the 
Report of the Oidnance Committee hoie out that view There were ceitam tailing 
mechanical impiovements suggested, and some little difficulties pointed out , the 
principal of which were with lcgaid to the bioak apparatus and the difficulty of 
loadiug Assuming that the carnage, as a weapon of wai , is an efficient one, I think 
we should slait to-night with the question of the way m which it can he advan- 
tagoously applied, and not leveit to its mechanical construction It would he, per 
haps, dash able if we were to classify the uses to which we propose to apply the 
oainage • first, to coast defences, eithei to cover some poit which Iwb to bo protected, 

* Hold at the Wni Office, December ldtli, 1808 
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or to defend a channel against the approach of a hostile fleet , secondly, to land 
defences , and, thirdly, to its adaptation to existing defences or to works in progress 
1 think we need not make any comparison between Captain MoncriefE's system and 
casemates, because it does not appear applioahle to such works It is a self -protect- 
ing carriage, and no one would, I think, dieam of putting it in a casemate That is, 
therefore, rather beside the question The only open woik to which you can in any 
way compare a Mononeff barbette battery, is an earthen battery with iron shields to 
the embrasures Theie the question becomes one of compniative cost, and also of 
the difference of lateral range between a gun mounted on a Honcneff carnage and a 
gun fired through an embrasuie I think we may take the question up in that way, 
fiist to assume the sucoess of the gun-carnage as a proved thing, and then to consider 
the way of applying it to coast defence, to land defence, and finally to existing works 
If we classify our remarks in the way I have pointed out, it may, peihaps, save con- 
fusion I dare say thero are many offioers present who are prepared to speak upon 
the subject of utilising Captain Mononeff’s invention, and I hove now to ask them to 
commence the discussion 

Major General Simmons, RE I regret that I was not present at the last 
meeting when Captain Moncrieff's invention was discussed, but having had the 
oppoitumty of glancing ovei the shorthand water's notes, it appeals to me that the 
Artillery part of the question was not fully ventilated at that meeting I understand 
that there are sev erni Artillery officers here who were not then present, perhaps, 
some of them might be inclined to throw additional light on the question Several 
moot points were raised, and there was a difference of opinion upon those points, 
and I think, therefore, it would be dosnable to get as much information as we can 
upon them, because, It is upon the balance of opinions, where they differ, that the 
final opinion as to the carriage is to ho formed 

The Chairman I hove not the least desire to curtail this part of the discussion 
I only imagined, ns wo afterwards diverged from the meie meohamcal oonstruotion, 
to a great number of other general points, such as those raised by Sir Frederick Giey, 
that the mechanical pait had been disposed of (subject to modifications) as a bucoobb 
But if there are any Artillery officers present who wish to spsak further with regard 
to the mechanism of the Moncrieff gun carnage, we had better clear that point up 
before we advance to the more general question 

Mator General Lefroy, EA I would rather that some other gentleman 
rose first I have nothing personally to add to what I said last time, hut as there 
seems to he a desire that an Artillery officer should rise, I avail myself of that for 
the purpose of saying that I have reason to think that a portion of my remaiks were 
misunderstood by some officers who were present on the last oooasion, and that I 
was understood to speak less favourably of Captain Mononeff 's oarnnge as a 
mechanical contrivance than I really feel I applied the vvoid “ ingenious toy," not 
to the oainage and elevator of Captain Moncrieff, hut to a subsidiary part of it, 
about which opinions may differ As far as the artilleiy element of the question is 
concerned, I think we all agreed that up to the 7-ton gun — wliioh is as far as it has 
been tried at present — )t is, mechanically, a very great success There is scarcely 
anything left to he desired as to the facility of working it, the rapidity and acouraoy, 
and the simplicity of it, so that there will be nothing which uninstiucted men, suoh 
a? we must expect to employ to woik it, will not he capable of coping w ith I do not 
think there is muoh left to be said in the aitdleiy point of view It stands now to 
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be considered m a constniotive point of view , that is, what are the circumstances 
in which it may be best applied , in what way may It be best applied , and what 
economy will attend it Artillery ofheers will agree with mo that wo have come to 
hear from Engineer offioers their opinions upon these subjects. They cannot bury 
us too deep m a gun-pit, or proteot us too much , and If Ouptain Moncrieff can give 
us a parapet 12 ft high, instead of a parapet 7 ft high, no objection need be antici- 
pated on our side. 

Captain Moncbibff Befoie finishing the aitillory part of the question, I 
should like to make one remark, namely, that I never intended this carnage to be 
oonsideied as the only exponent of the pnnciple which it embodies It is the first 
oomplete carnage manufactured, audit illustrates the pnnciple , and that prmoiple, 
I can assure the meeting, is a flexible one, and can be applied in a great many other 
ways and for other purposes, Buch as siege ii tdlery, and for a heavier olnss of artil 
lery than the one which has been brought hefoie you I should like that to be 
borne in mind while the other pait of the subject is being discussed 

The Chairman No doubt yon may be able to apply the systpm in the way you 
state, but at present it is m embryo , I menu the form of appliances 

Lieutenant Aedagh, R E , read the following remarks The coi rings, as applied 
to the 7 ton gun, has been a complete success It might icasonably have been supposed 
that a new system would pieBent some defeots on its fust trial, that some serious 
lutoh would oooui, but theie was nothing of the kind The tailing acoidents which 
happened to the carriage (m Borne instances the lesult of oarelessness) only tended to 
show the extremely minute attention bestowed on every detail, and the refined Inge 
nuity with which mechanical appliances for diminishing the amount of human 
laboui, and facilitating the different operations of traversing, raising, and pointing 
the gun, have been brought mto ploy. These refinements increase the vulnerability 
of the gun, hut they aie external to the pnnciple of the mventlon, and may perhaps, 
in some eases, he advantageously dispensed with. There is a reasonable prejudice 
against complicated and eloboiate contnvances, and where the objeot oan be elfeoted 
by a block and taokle, or by a handspike, those pnmltlve mechanical powers should 
he used , or, at least, provision should be made with a view to falling book on them 
if the toothed gear or biakes get out of order 

The theoretical action of Captain Moncrieff's carriage is best illustrated by imagin- 
ing the seotion of a heavy cylmder placed vertically upon a horizontal plane, with a 
force equivalent to that of the recoil, applied tangentially to the highest point of its 
circumfeienoe , then will the point of support be the instantaneous axis of rotation, 
corresponding to a centre of percussion at the point where the force of the recoil is 
applied, and that force will pioduce no strain at the point of support, but will oom- 
mumoate to the body a combined and equal motion of rotation round its own proper 
axis, and of translation in a honzontal plane If it bo supposed that in the carriage 
itself half the weight of the moveable portion is concentiated at the centre of the 
trunnions, and the other half at the pomt of support, or, to he accurate, if the latter 
pomt ib m the instantaneous axis corresponding to the former point as a centre of per- 
cussion, similar results will ha producod , on the lust supposition by equating the 
momenta of the shot and the movmg portion of the carriage 

115 X If 50 — 2240 = 22 Y, . . V = i 4 feet per second, 
corresponding to a height of about 2 inches, through which the centre of giavity will 
require to be raised at the end of the recoil This Captain MonouefE eifeots by gra- 
dually increasing the ladlus of the curve on which the structure rolls 
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The fact that there is no strain on the point of support, in the shape of recoil, u 
dependent on the relations of the centre of percussion and the axis of instantaneous 
rotation , this nullification of the destructive action of the recoil on the pivots, raceis, 
and platforms, is not the least important part of the invention 

The mode hy which the axis of the gun is made to pieserve a paiallelism to its 
original position is very ingenious, and so is the curved moll motion which is em- 
ployed to manoeuvre the carnage for drill, etc 

Turning to Captain MonouefE’s pamphlet, it is there stated that a Mononefl. bat- 
tery or gun pit, if piopeily oonstiucted, Is an invisible object, and cannot be seen 
from the plane on whioh it is plaoed Now, putting out of account the natuial 
inequalities of giound, which afford far more cover than engineers can obviate bv 
giving great oommaud to woiks, the disadvantages of a lowbatteiy nie so great, 
that the besiegei of a woik oonstiucted on such principles might almost open liw 
tieuohes at the orest of the glaois on the very fiist night of the attack, since a meie 
scratch in the giound would conceal him, and a parapet two or three feet high would, 
in a fiat country, conceal the whole of his approaches 
Thero is another pioposal, “ to oolleot aitlllery stores only, and throw up works 
when required " Captain Monorieff believes that the works oould be tluown up and 
the guns mounted in a week To engineers it appears needless to refute these views 
If the works, which even with the most simple kind of magazines, would take months 
to prepare, were ready, the mere arming of them would oooupy oonsideiahly rnoio 
than the time he allows. 

Captain Mononeff has also an idea of dottmg down guns at intervals foi the 
defence of harhouis or coasts The defensno enceintes, the magazines and stores, 
and the banaoks, neoessary in each case, do not appeal to have onteied into his oil- 
culalions The old Maitello towers with ditches oost £11,000 , and if constructed on 
the scale necessaiy now-a days, the accommodation for each Monoueff gun, behind 
an eaithen 01 masonry parapet only, would not be less than the same amount These 
isolated guns might he effective, but they would not be economical, Tlioy aie sub- 
ject especially to be leducedby the file of the smallest olass of moitais, whioh oan he 
coined by hand fiom plaoe to place The isolation of small gamsons is also very 
objectionable It is, therefoie, considered that the idea of constructing detached 
gun pits, without the accessories mentioned, cannot be entei tamed 

With these preliminary objections, which in no way affect the merit of the in- 
vention, I proceed to consider the application of Captain Moiyuioff’s system to our 
defonees, taking fiist the land and then'lhe sea 


As the 7-ton gun, which has pioved so successful on Captain Mononeff’s onrnage 
is piobably the heaviest which we shall find it neoessaiy to mouut on our land 
defences, we shall be able to speculate with a fai gieatei degiee of oei tainty on the 
eftect of this invention on the attack and defence of foiti esses, than on its application 
to coast defence We know absolutely, that Captain Monoueff’s 7-ton gun-carriage 
Is a success, and the inventor contemplates the constiuction of a carnage which will 
be adapted to siege guns, and which I have no doubt will be equally successful, and 
probably very portable as well The question befoie us is, the piobable effect of 
substituting the new carriages for those now in use. 



moncrieff’u system of WORKING ARTILLERY 45 

We must begin by assuming that the fortress will consist of an interior enceinte, 
probably an old fortified town, with a line of detached foitstwo or thiee miles in 
fiont of it, conneoted in some cases by lines of earthworks The enemj would, if it 
were at all practicable, piefer to assault these works by a coup de main, even at the 
certainty of a great loss of life, to undertaking their captuie by a regular siege, whioh 
w ould, under the most favourable circumstances, be a very piotracted operation , foi 
his gaining possession of one woik, would not necessarily involve the fall of the 
position Against such field aitilleiy as an enemy, with the intention of trying an 
attack de vice force, would bring up to oppose the aimament of that particular work 
he had determined to assault, the protection affoided to the guns firing through em 
biasures in our new works may bo considered fair and sufficient 

If the escai ps and flank defences aie of such a nature as to render the chances of 
the success of a coup de main infinitesimally small, in the case of such works, for 
example, as those on Portsdown Hill, there is no other alternative to a siege, than 
the abandonment of the enterprise. In these woiks we should calculate ou being 
attacked by the heaviest artilleiy which an enemy can carry into his trenches 

Wheie railway or water oairiago offeis a convenient means of tiansport, we may 
find a few 7 ton guns in the batteries of the besieger, hut as a rule he would not be 
able to bring up pieces of a greater weight than our 110-pdr breech loadei, or the 
64 pdr muzzle-loading rifled gun, weighing 3 tons 4 cwt The shells fired fiom these 
guns respectively contain 6 lbs 8 ozs , and 41bs 13 ozs of powder, and then destruo 
tive effect on earthen parapets is very considerable IE a sufficient number of these 
guns woie placed in battery against a detached fort, whose pieces filed thiough em- 
brasures, it is probable that tho effect of shells lodged m the paiapet adjoining the 
embrasuies would be so destructive, that the embrasures could not be kept open with 
out inoi easing enormously the width of the throat, and virtually depriving the gun 
detachment of cover The besieger would, of oouise, encounter the same or greater 
difficulties, for he would probably he opposed by a heavier armament, though he would 
have a numerical superiority, and possibly also the advantage of Captain MononefE's 
poi table carnage However, the woik of destiuotion would proceed on both sides, 
and the rifle pits of the attack would have great powei against the artilleiy of the 
woik, for tholr oooupants would have but feeble opponents in the few men who could 
oooupy the space in the parapet between the guns, small in itself, and subjeot to all 
the effeots of the direct and enfilade file of the besieger. The riflemen in the trenches 
and pits would be comparatively exempt fiom artillery fire, for tho besieged could 
not afford to expend their ammunition on single individuals. 

In this state of affairs let us suppose that the woik is armed with guns mounted on 
Captam Moncrieff’s system The perfect protection of these guns from enfilade is 
difficult on account of then height, and important because of the expense and labour 
in replacing them if damaged It is necessary, therefore, to place a high traverse 
between each gun and its neighbour, and the distance fiom centre to centre of each 
gun cannot be less than 60 feet in land works The present embiasuies are 40 feet 
apait, with large traverses, (sometimes containing haxo casemates), one for every 
two or tlirco guns, according to the liability to enfilade Between these large tra- 
verses, which also cover the expense-magazines, we should now have respectively one 
and tivo guns on Captain Moncneff’s carriages, m lieu of the two others I assume 
that on the whole, there will be room for two thirds of the present armament 

Suppose tills ohange to be effeoted, the following advantages would result — . 
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1st — Tho gun detachments would have an almost perfect protection from direct 
fire behind parapets 25 feet thick, such as all those in the works recently constructed 

2nd —The danger, delay, and exposure of repairing embiasuros, would be alto- 
gether obviated 

Sid — The guns would have an increase of lateral range of very considerable 
lmpoitnnco , for m the existing woiks it is not contemplated to make embrasures of 
more than 40° to 60°, since larger ones would so much weaken the parapet , this 
lateral range would bo increased to 90° oi 100°, without intrenching too much on the 
traverses which protect fiom enfilade This doubling of the lateial range would 
enable a greater number of guns to be concentrated on a given point, and would 
enable the besieged to resist successfully batteiles in embrasmes, probably even of 
twice as many pieces, by dealing with them by successive concentrated volleys * 

4th — The mam object of the besieger, viz , silencing tho artillery fire of tho work, 
might, by the negative means of exposing the guns as little as possible, be rendered 
extremely difficult 

6th —The protection of the interior of the work, of the magazines, and of the men 
engaged In remounting guns, would be vastly improved from the absence of em- 
brasures 

6th — Guns might be more easily reserved to the advanced period of the attack, for 
they oould he brought into notion at any momeut, while on the ordinary system an 
embrasure would have to he out, an operation almost impossible under a oloso the of 
rifles, and yet of the very highest importance towaids the close of a siege. 

The conclusions which can be drawn from these considerations, are 1st— That 
for 7-ton guns and under, the Moncrieff carnage is vastly superior to tho present 
traversing platform firing through earthen embiasures in land defences, probably 
doubling the efficiency of a gun , m some cases even moro than that 2nd — We must 
Aave these carnages for the aimament of our laud defenoes A few iron shields will 
be useful in some oases, (and it must bo recollected that these shields will only 
need to be capable of resisting the lightei olass of guns, and may be considerably 
cheaper than those usod for ooast defence) , but, as a rule, the Moncrieff carnages 
will be more economical The possibility of being attaoked by batteiles similarly 
mounted will, however, render It essential to substitute the Moncrieff carriage whom- 
ever an eaithen embrasiue is now contemplated 

Nothing has been said about the detail of comparison between 7 -ton guns on 
Moncrieff oarriages, and those on oidinary platforms firing through shields 

In a land-work, wheio the enemy’s guns lest on a Ann foundation, a shot would, 
sooner or later, pass through the embrasuro and dismount the gun on tho cpmmon 
platform, The same may be said of the gun it la Moncneff, for, while it is exposed, 
there is muoh more of it , and the parapet in front of it may be ruined by shell fire, 
unless iron is used as a protection. A mantlet or shutter would, of course, be used 
■with the Bhield, hut even with that, the gun detachment would bo more exposed in 
loading We must reeolleot, however, that it is not with guns behind shields that the 
Monorieff Bystem is now to be oompared, but with those flung through embrasures in 

Putting £550 for a 7-m. gun, £360 for an ordinary platform, and £760 for a Mon- 

* I have not mentioned the advantage of having nothing to fli e at, for I put no trust, in it, and 
boliovo that it will be far preferable to havo high traverses to protect the gun perfectly from on 
made, although they point out accurately its position to diroot Ore 
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orieft carriage, we have £900 against £1,300 If as proposed for three of the former 
we substitute two of the latter, the cost will be about equal, boing £2,700 for three 
guns on the present system, against £2, COO for two on Moncricff cai nages , and though 
the total number of guns will be diminished, and the late of filing also, the efficiency 
will probably (it may be said oertainly) more than make up for the loss. 

Kapidity of fire, though of the highest importance in sea batteries, is, within reason- 
able limitB, not of much weight in attack and defence , for the quantity of ammu- 
nition to be fired away, will, in both those cases, bo limited, and more particularly in 
the former, whore every ounce of matenal carried into the trenches represents vast 
difficulties of transport to be overcome by the besieger Even this consideration may, 
as regards siege trains, and heavy but moveable artilleiy, counterbalance the advan 
tages of Moneneffl’s system, if he applies it to such puiposea As to the desirability 
of applying it to our peimanent land defences, theie can be no manner of doubt 

Unfortunately, although the 7-ton gun carnage has been a success this past 6 
months, no carriage has yet been tried, or even made, for the 12-ton gun, and the 
practical working of the system, ns applied to that gun, is yet a field for speculation 
Of its possibility, I have not the slightest doubt , what I am most anxious to ascer- 
tain, and what will most piobably determine its introduction, or the contraiy, is the 
rate of firing 

On Sea Defences, whether a hostile ship, or fleet, steams m at 10 knots an hour, or 
whether she is at anchor before a battery, rapid firing is of the highest importance 
A few minutes will take a ship In add out of range , 10 knots an hour is 333 yards a 
minute On sea defences then, a gun which oau fiie tw ice as fast as another, is, oetens 
paribus, twice as valuable This pnuoiple led to the adoption of the needle-gun, the 
Smdei, and the Chassepot, and it will probably determine the fate of Captain Mon 
enefl’s system as applied to heavier guns than the 7 ton 

Captain Alderson states that the 7-ton gun, on a dwarf traversing platform, can be 
loaded, aimed, and filed m 65 seconds, and on a oasemate platform in at least 10 
seconds less, and that the MoncnefE lequires from 06 to 76 seconds The average 
proportionate rate is as 10 to 14 

The 12 ton gun, on a casemate platform, requires from 60 to GO seconds to load, 
aim, and fire at a moving object 

The moving weight m the 7-ton, mounted on Monorioffs pilnclple, is 22 tons. 

The probable weight of the moving part of a 12 ton gun and carriage on the same 
system would he 36 tons, or moi e than half as much again. 

The range tlnough which the 7-ton gun is now raised, is hardly sufficient to give it 
complete cover in the loading position The range m height of the 12 ton gun must 
be considerably greater, viz from 6 to 7 feet On these data then we must speculate 
as to the probable rate of flung 

Captain Aldeison does not think that it will take much longer than on the service 
carriage His opinion, backed by that of other experienced aitillerymen, oarrios groat 
force, but considering that the weight to he mised is 35 against 22 tons, the weight to 
be traversed, 40 against 28, the height to he ranged thiough, 7 ft against 4 ft. 0 m , 
and the time required with the 7-ton gun 70 seconds, it seems to me most pro 
bable that the 12-ton gun thus mounted will taka at least twice as long to work as tho 
gun on an ordinary oasemate platform, which, as X have said, requires from 50 to GO 
seconds. Ceteris panbus, the gun which can fire twice as fast, is, on oui coast de- 
fences, twioe as valuable. 
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At page 8 of hie paper, Captain Moncneff takes the cose of a battery placed so 
as to command a ohannel extending along its whole front, which, by the present 
system, must, ho says, have three faces , while on his system, the guns would all be 
mounted on one line, and would all command the same ground, besides being capable 
of being bi ought into action by the rear He then considers it safe to assert, tint 
each gun on his principle, thus mounted, would be tluee tunes more poweiful than if 
mounted in casemates or embrasuies 
Let us analyse this theoretical oase 

It is impossible for a stiaight line of guns to have, all, a lateral range of 180°, 
From 20° to 30° with the line of paiapet is the nearest safe limit against the danger 
to collateral guns of the premature explosion of shell , the livteial range will there- 
fore be flora 120° to 110° This may be slightlv mipiovcd by curving the line The 
piotection against enfilade is veiy indifferent unless the travel scs are considerably 
raised, and the lateral range of the guns fuithei cuitailcd to 90° The lateral range 
of the guns behind shields is usually 70°, in some rate eases 90° To give the most 
favourable position to the Moncneff system, I will take ita lateral range at 140°, and 
that of tlie guns behind shields as 70° , and although I believe that two minutes will 
be lequhtd foi the 12 ton gun on a Moncneff carnage, I will suppose that a minute 
and a half will be sufficient , i e , that the late of firing as corapaied with a gun on a 
casemate platfoim is as 2 to 8. The offensive efficiency of a bntteiy of several guns 
on a straight line of coast, will depend about equally ,— 1st, upon tho number of guns 
which can be oonoentrated upon a given point, which on a straight front will be ap- 
proximately propoitionate to tlie lateral range of eaoh gun, le , the Moncneff gun, 
140° , the Shield gun, 70° , oi as 2 to 1 2nd, upon tho powei of resisting a general 
attack ovei the whole fiont, which will be propoitionate to the number of guns, 
assumed to be equal Combining these two conditions, the relative efficiency of the 
Moncneff gun to the Shield gun, (mespeotive of the rate of firing), is as 3 to 2 
Intiodueuig this latter element, which is assumed to be os 2 to 8, the absolute offensiv e 
efficiency of battenes on the two systems, is found to he equal (3 X 2 = 2 X 3) If 
the lateral range of the Moncneff gun is diminished, or the time per round increased, 
the shield gun will become supenoi 

H avmg determined the relative offensive value of the two systems, let us turn to the 
defensive capabilities. Veitical fire, all open batteries are subject to, and it is tlierefoie 
left out of consideration. Horizontal fire is the gieat dangei to be guarded against 
The 12 in and 9 In piojeotiles have penetrated respectively SO and 40 feet of eaith 
Against these guns earth Is but an illusory pioteotion An non shield 20 inches thiok, 
will lesist both peifectly. The exposed pait will be the port, about 8' 0" x 2' fi«, 
Shutters may Keep out splinters and rifle shotB, but it is questionable whether a prac- 
tical port stopper will he found. That of Lieutenant English — a sphere of wrought 
non, weighing about tluee tons, of gieater diameter than the port, and worked by the 
recoil of the gun— appears to he the best hitherto pioposed 

It is necessary to determine whether tho top of the gun pit can be constructed of 
eaith, as supposed by Captain Honoiieff Let the superior slope of the parapet be 1 
in 10, which is much flatter than any are now made, a 12 in shot staking at a do- 
piesEion of 0° (oi 1 in 10), 40 feet from the eiest, would pass thiough and come out 
b feet helow the ciest, with force enough left to drive it through 10 feet more of 
earth , and if it were a shell, with 36 lbs of powder, ready to hurst in the gun pit 

I tfnnk that disposes of the idea of using earth. 
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Concicle oITci s about 3 tunes the resistance of oartli, and is about 10 limes as ex 
pensive Giamte 10 tunes the resistance, but it is 100 times as expensive lion over 
40 tunes the lesistmiee, but it is between 2,000 and 3,000 times as costly The rela- 
tive cost of pioteolion in the deficient materials is— earth, 1 , conciete, 3 , granite, 
10, and non, 50 This, how over, is only tiuo in long developments Winch, then, is 
to be adopted, foi eaitli wo must abandon ? Nothing but non will do foi tho crest 
of tho pit if it is to compile with the shield , and a semi eueulai nm of that 
metal about 2 feet thick at tho top, diminishing to nothing at C feet below the eiest, 
and backed by 10 feet of conciete, besides tho earth, (made up to 50 feet) would pio- 
bably meot the oase A gun pit foi a 12-ton gnn mil need to he at least 25 feet in 
dinmetci The soini cnculai lion inn m iiont, with the conciete, &o, will be moie 
costly than a shield So ft X 8 ft, aud 20 in thick 
Uowevoi, we must fiist compare tho shield gun with the HoncrtcU gun foi safety 
The MoncrlefC gun in au eaithen pit has hardly any pioteotion fioui direct fire beyond 
tho fact, that when it is down it is not seen With an non euib oi urn, sufficiently 
thick, it is poifectly pioteotoil, except from file at high angles The gun behind a 
shield is subject only to the chance of a shot coming thiough an embrasuie The 
Monci luff gun is only liable to bo hit when it is up, hut at that time it offeis a veiy 
large maik, particularly to enfilade The embiasuie is poihaps the easier to hit, but 
if a good port Btopper be found it will at once give it asuperionty over the gun pit 
even when protected by iron The gun detachment m the pit will certainly be safer 
than behind the shield , but the lisk to the detachment, from dueot file, will be 
small, foi the enemy will nob care about the gunneis, piovidcd ho disables tho guns, 
and foi evciy dozen shots that used to he filed fonnoily, there will seldom be moie 
than one in futuro. It is shell and musketiy that drive men fiom then guns, and 
mantlets, or sliutteis, in a shield will guard against that As long as tho gun is un- 
injured, theie wall always be men to woik it 
It must also be oonsideiod that the gunners lequned to woik the MononeflC ear. 
nages will need a much moie lehnod eouise of tiuuung than thoso employed to woik 
Idle oidlnaiy system , and that tlioro is mine complication, moie liability to got out 
of Older, aud moie difficulty In leplaeing the MoiicucfT guns than thoso on oidmaiy 
platfonns 

The cost of a 9-m gun and platfoim of ordinary oonsti notion 13 cstimoted at 
■£1,360 That of a gnn it la Mononoff, £1,940, being 6380 moie. Suppose that tho 
defensive capabilities of tho pit and shield aie the same, thoy are biouglit out on 
terms of pei feet equality as legnuls absolute effectiveness The factromains, then, 
that tho MonenefI gun is £580 moie costly than tho othei, and that it is, tlieicfore, 
not deniable to mttoduce it in hen of shields oil oui sea defoneos, until wo me satis 
fled that its into of flung Is noaily equal to that of the oasemnte platfoim If the 
time pei lound should piovo to he lass than IJ minutes, its position may be unpioved 
so as to turn the scale the othei way. 

When compared with guns whioh it is not contemplated to pioteot by iron shields, 
it Is, undoubtedly, far Bupeiioi, even considering a piobablo slowei rate of hung , and 
m thoso cases it will most likely bo adopted Guptam MonoiicfE's claims in legnrd 
to economy, appealed to me so extiavagant, that I must make them my excuse for 
depreciating, even m a small dogice, an invention which I oonslder to bo of the 
highest importance, though not quite leauhmg the dogiee claimed foi it bj its advo 
cates in the press. 
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Major General Simmons, EE As no other gentleman seems to be rising, I 
will make a few remarks with inference to a poition of Lieutenant Ardagh's paper as 
to the application of the Moncneff gun cainage,flistly,for land defence, and secondly, 
foa sea defence As regaids land defenoe, in fact, with regard to both, I may say 
that I thmk it is hardly fau to discuss the merits of the carnage in connection with 
a number of propositions that have been made Some of those propositions haie, 
I think, been made rathei hastily I think, having before us an invention of great 
ingenuity, we should endeavom to see if we can apply it in any way m oui defonoes, 
without picking to pieces so nai rowly the modes that havo been proposed for its 
application For instance, the idea of putting a number of these guns in gun-pits, 
without having any obstacle in fiont of them and compaiing them to a fortress, is 
simply a pioposition which it is useless to consider , as it is absolutely necessary to 
plaoe an obstacle between all heavy guns m position and an enemy, m oidei to eon 
stitute a fortress 

With regai d to land defences, Lieutenant Ardagh has, I thmk, discussed 
the question veiy well indeed , and has brought out that guns on these carriages 
would be of immense ads autago when mounted in such positions But I think 
the advantages have liaidly been sufficiently shown in his remarks , for I am 
of opinion it will be found in service heieafter that guns fired through embrasures 
on land fronts will be closed almost immediately after the opening of fire from the 
batteries of attack To attack a work armed with aitillery firing through embra- 
suies, the process will be to establish a larger number of guns on a larger oirole, and 
to fire at those embiasures , and bBfore many lounds have been fired, I believe the 
flie of the fortress will be completely closed The aocuracy of artillery fire from a 
fixed plattoim is so groat, that when the ranges have been once ascsi tamed, shot 
after shot will be poured into those embrasuies with such fatal effect thit I do not 
believe that a gun would be there to file a shot out of them aftei those batteries had 
been opened but a veiy few hours That, I think, disposes of embrasuies to a very 
great extant , and it brings ub back to the point which, when X first entered the ser- 
vice I heaid taken up by an officer of Engineers, a well-known officer of considerable 
talent, the lata Geneial Blanchard Ho endeavoured to apply his ingenuity, which 
was very great, to make a gun-carriage so oontuvod that the gun might be fired over 
the paiapet, falling down again when not in action Ho also added to it the idea of 
a railway or tramway uhioh would make that gun moveable along the parapet If 
I such an addition could be made to Captain Moncneff's carnage, and I do not at all 
eae that it is in any way impossible, or that it need be exceedingly expensive, I 
think you will have a great advantage gained for the defence We all know that a 
gun m the last penod of attaok is worth anything If you could keep a few guns, 
and by means of a railway could move them from place to place, bring them up, and 
fire them when you require to do so, eitlmi at the head of the sap 01 at any point of 
the attaok, you would be able to del ly the attack far more than would be done by 
ten times the number of guns fin ed thi ough embi asures during the first period of the 
attack Guns fired through embrasures during the first period of attack will not 
delay the attaok poroeptibly , they will only entail upon the assailants the neoessity 
of making gieefcer prepaiation, of collecting a gieater number of guns and more 
materials m then aitillery paik, and of placing a greater number of guns in battery, 
but when that is onoo done, the number of guns on the defence will delay the attaok 
very little , whereas, a few guns, the fire of whioh can he reserved to the latei period 
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of the attack, will hare a very gieat effect, as I think, m delaying the attack There 
foie, I consider this carriage is of immense value But it does not follow that the 
gun that is to be mounted on it should be a 7 ton gun or a 12-ton gun , there are 
much lighter guns that will be veiy effective, that will cany heavy shells w ith quite 
sufficient velocity to penetrate and even peifoiate any of the woiks of the attaok as 
they are now made, and that will dme the besieger into making saps of great depth 
to piotect himself, even a depth equivalent to the whole height of a man — five or 
six feet — which in rocky or m veiy net marshy ground becomes almost an impose! 
bility Theiefore, foi that reason this mv ention— if it can be bi ought to a state of 
perfection, and I do not see any mechanical difficulty m the w aj — is, I think, for such 
a purpose, invaluable 

Next, as to the applicability of Captain Moncrieff’s system to sea defences 
This is a much more difficult matter to deal with, because, unfortunately, 
we have had no experiments with a 12-tou gun, and, if I am lightly infoimed, 
no 12-ton gun-cairmgo has been as yet completely designed in all its details 
ready for construction I am not ceitam whether that is so, but I believe it to 
be the case If it be so, I think it is veiy much to he regretted that six or eight 
months should have been lost, since the 7-ton gun carnage was tried, and that no 
expel iment has been made with a heavier gun Such an experiment would have 
settled a question, which, in considering the applicability of the Moncneff carriage 
for sea defenoes is of vital importance, that is the speed with which the gun can be 
worked and fired Upon that point General Lefioj told us that the 7 ton gun had 
been fired one round m a minute, 01 something like that, hut that, nevoitheless, he 
did not think moie than one lound could he realized for every two minutes and a 
half in practice I think I am correct in stating that it would not be right to take 
an average, or to form an absolute opinion upon practice made with gunners of the 
experience possessed by those with whom the expenmental practice has been carried 
on at Shoehuiyness Now, on that point, what is sauce foi the goose is sauce for the 
gander, and I think the argument applies equally to the minute or the G5 seconds 
which is given as the time that a gun takes to be filed fiom an ordinary service car- 
nage mounted on a travel sing platform, because those times aie denved under like 
circumstances, with the same gunneis Therefoie, if you add to the one, you may 
reasonabl) add to the other , and I suspect you would have to add, in many cases, 
m a far gi eater ratio to the time allowed for the gun on the service carnage and 
traversing platfoim,than you would have to do for a gun mounted on the Moncueff 
carnage, My reasons aie these Captain Aldeison told us that from 180 to 140 
rounds had been filed with this gun with only one accident, that accident was 
caused by a man letting the break slip, when the gun lan up violently without any 
check An objection, 1 may ohseive rn passant, was taken to the Monorieff carriage 
on that score , that if the man who held the break weie killed, the gun would he 
liable to an accident of that sort With refaence to this objection, I would observe 
that the carnage has two bleaks, and if you want to provide against the contingency 
of one man being killed, you have only to put a second man to hold the other 
break , and then, you have the chance of two being killed There ib anothei way 
of meeting this difficulty In ordei that the gun may run up, the break is now held 
by a gunner told off for that duty The operation of the break may he reversed, 
and it may he so made as to ho always on, except when the man is performing an 
act to keep it off It is a simple mechanioal arrangement to reverse the notion of 
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the bieak, and then if tha man be lulled, the bicak would go on of itself and con- 
tinue to act until another man came to take his place That is a simple mechanical 
arrangement which, if expenence requned it, might he very eiibily applied There- 
foie, I do not think that objection can be held ngnmst the carnage foi a moment 
To return I was speaking as to the speed with ivhu.li guns can bo ltred The week 
before last I happened to be at Portsmouth, wheielsuw the instills of an experiment 
that had taken place there Two 12-ton guns had been mounted m Gilfcickor foi t 
with a view to an expenment being made to asccittim the speed mth ivluch guns 
can be seived fiom the maga/mes of tho foit Bofoic the cxpoumont \v is made, 
however, it was thought advis ible to file tlnee rounds fioin c icb of these guns I 
did not see the piactioe, hut I happened to be theie the next dij, inti I will desonbe 
to you what took place With the fhst gun that was fii od, tho compiossmggi iu, for 
cheolung recoil, was put on too tight, (it was an Auustioug compiessoi 1 believe) , 
tlie consequence was, that the gun, in leooihng, met with a giutl imount ot icsist- 
ance There was a gieat horizontal strain The gun lifted, Hut of all upon the 
real lacer as a fulcrum tho real tiuck aettng as a pivot , and the fiunt tinclcs roso 
It so happened that the tiaveisingplatfoim had a oast uou frame fixed m rear of 


became the fulcrum on which the whole thing was icai mg, but not being stiong 
enough to cany the weight when tha gun hid got fan ly off both nioeis, the cast-lion 
gave way, and the traversing platform, with the gun aud carnage on it, shot off tho 
laceis six inches to the reai Now, as iegai ds speed of fire, how long, may I ask, 
would it have taken to fno the next round fi ornthat gun Thoiefore, I do not think 
we can take the present recognized sy stem of mounting guns as poifect In all these 
inventions one is obhgod to m ike n oompanson of one with anothei All of them 
have absolute advantages and absolute di feots, but you must compaie one with the 
olhei, and tiy to make out from tlio balance of experience which is best foi the 
service The othei gun which was fhed behaved much in the same wa> , only this 
time care was taken not to put on so much oompiession The gun ian the length of 
tta tethei on the platfoim, the platfoim leaied up, tho fiont trucks lose 5 feet 6 
moh.es from the floor, and the gun itself having neaily capsized, fell down again on 
the raceis This statement will give you an idea of tho difficulties that have to he 
contended with, even when the present seivica gun-canlage is used I belies o I am 
not wiong in stating that these aie the first two guns that have ever been mounted 
on tiaveismg plntfoims accoidmg to the modem and most improved system of 
aimament in mu new casemated woiks Therefore, m the question of rapidity of 
fire these difficulties have to he considered, and I dare say, quite as many difficulties 
wilt arise with the new imminent, fitted up accoidmg to tho approved system, as I 
expect will arise with MononefTs system, and theiefoie, if you add a minute and a 
half, as done by Genpial Lefioy, to the tune requned for each louud rathe one case, 

1 am of opiuion you will have to add much about the some m the otliei , if not moi e 
So much as regaids rapidity of fire It is very muoh to be regretted, howevei, 
that theie have been no actual expenments with the 12-ton gun, so that we might 
have some positive idea of wlrnt that rapidity of fire is Next, as to the penetration 
o± shot into eaith, Lieutenant Aidagh gave tho lelntive resistance of different 
materials His statement, I lmve no doubt, is peifeotly correct , but the oxpen. 
meats Horn which the figuras weie taken were those of piojectiles fired into earth 
for the express pui pose of asoeitaming their maximum penotmtion , and it ought 
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not to bo intoned fi om tliom, tint it n >Jiot stukes tho hiipcuoi slopo of a pai apct at 
an inclination of 10 dogi eec it is going to ppnoti ito 48 ft et and corao out it the foot 
of the puapet I think the cxpummnts on honul the Exoillent show that you may 
file one of these comoal lie idtd “hot it a di predion of 7 01 8 degrees at a VLry high 
velocity ngunst watei, md that the shot mil use out of it ,—a foHion, it mil use 
from yell lammed earth at a gieatoi angle, the mateiml itself being liaidei , and I 
confidently o\pect that if it impinge upon earth at 10 degrees, it mil deflect fioni it 
nud go off at a high .ingle I may he mong, but I think tliue is no reasoning, m 
this respect, that you can apply to n iter that you cannot equally apply to enitli 
But foi sea defences, unless tho bittprics aio placed m such situations as on tho 
banks of the Thames, or at Southsta, I do not flunk you Mould use earth to protect 
the guns If you have an expensive foundation, wlieie the aiea upon which 
you have to build your woilc is small, you may have lecouise to conciete, 
to 'grauite, or to non There is no icasou why Captain Moncneff’s guns should 
not file as well behind an non paiapet ns behind an earthen paiapet Earth 
would he used in those positions where tlieio is space foi oaith , concrete oi 
masonry where tliei o is not space for eaith , and non would he used where neither 
earth noi masonry are applicable I think we, as engineeis, should apply the system 
m such a way that we should use either one mateiml or the other, according to the 
position in which the guns arc to be plnoed As 1 egards the protection aftoi ded to a 
gun mounted on n Moneiieff carnage, I conceive it mil he veiy gieat as compared 
with that of a gun Hied tluough nn embiasure (I mean an iron embrasuie) or a gun 
fired through a port hole The size of an iron embrasuie for a gun mounted on a 
oarrnge not adapted foi muzzle pivotmg, is 3 ft II in by 2 ft G in , or theieabouts, 
giving an ai ea of nine square feet and a half, the vertioal height of the embrasure 
being 3 ft II in Now, I believe it is a muoh easier thing m aitilleiy praotioe— and 
in saying this I shall he subject to correction, if wrong, by the Artilleiy officers pre- 
sent m this room— to hit an objeot of a given area that is low, than one that is high 
I mean to say this, that it will he a much more diflieult thing to hit an object, say six 
feet long by one foot high, than it would he to hit an object six feet high by one foot 
long That is an extreme case When a Mononeffi carnage is used, the only way 
you can mjme tho gun, when it is not actually being cbsehaiged, is by hitting a space 
near the ciest of the paiapet that is a foot, or a foot and a half or so, m height , and 
to do that you must get your elevation very exactly, otlieiwlse the gun is piotected 
I believe that is an extreme difficulty in artilleiy piactico I have seen a very large 
amount of practice, and I think the lesult of that piactico, so far as I can judge, 
shows that it would he veiy uncertain, m fact, a peifoot chance whether you hit n 
foot oi two above, or a foot oi two below, youi bull’s-eye You see practice carried 
on at ShoeburyneBs, at 200 yards, with full service charges A disc ib put up and a 
gun laid at it at 200 yaidb, when it is a chance whethei the shot strikes a foot above 
or a foot below What w'ould be the chanoe then at 1,000 yauls 1 If the chances 
deciease in proportion os the range increases, youi chances of hitting are five tunes 
as small I think this is a point that has hardly been considered sufficiently. It is 
true you may reduce the size of embrasures by employing muzzle-pivoting carnages, 
hut by doing so you add very much to the expense, and yon still have about two- 
thirds of the area, i ather more than six square feet foi an object to fire at, and which 
is 2 ft 11 m in height, and you always have that object to lay your gun upon But 
when you consider that those who are going to attack these guiib have to file 
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their guns from an unstable platform, at ranges that ne unknown, and that they li i\a 
no means of correcting their range, I think it becomes an uttei chance whethei or not 
they will ever hit near the meat of thepaiapet They may possibly hie all day long and 
nevei do it, 01 the first shot may do it , it is quite a chance whethei they hit or not , the 
chance is similar to that of vei ticnl fire I used to see the piaetice of veitical file on 
Woolwich Common, when I was a cadet, regularly twice a week , hut dining the whole 
time I was there, I never saw tlie flag-staff hit hut twice When Haishal Soult was in 
this country, be came to Woolwich, and nmoDg other things, saw some mortal pi notice 
The fiist shot cut the flag-staff m two , the second stiuck it at the root There was 
no other flag-staff to put lip, and it was a fortunate thing there was not It is all a 
mere chance You may hit the line neai the crest of the paiapet with the first shot, 
and you may fire at it for a week and nevei hit it, particularly when fn mg from an 
unstable platfoim like the deck of a ship I think this is a point of veiy gieat lm- 
poi tance as regaids the Moncrieff gun-camagc 

And now, Sir, I should like to say a few words with legard to veitical file I think 
too great stiess has been laid upon the effects of veitical flic, aud that much moie 
attention has been paid to it than it deserves General Lefioy gave us the lesults of 
some practice on boaid the Excellent, from which ho deduces that 25 per cent of 
shells fned veitioally, would fall upon the space of one of the hpitlioad forts, 200 feet 
in diametei 

An Officer At what range ? 

Major General Lefroy 900 01 1,000 yard« 

Major General Simmons Therefore, as it would take 100 rounds to put 25 shots 
Into a space 200 feet in diameter, it would take 8,250 rounds to put 26 shots into a gun 
pit 22 feetm diameter oi 330 rounds to put ono shot into it Then Geneial Lefroy 
went on to dei elope an imagmaiy attack by mortar boats If one mortal boat 
would not suffice, then ten might, and if ten would not suffice, then one hundred 
might But I make out fiom the above calculation that as mortar boats oairy only 
about 100 rounds, each individual pit would lequire three moitar boats to attack it 
So you might soon get up to 100 mortar boats foi the attack of a battery, framed of 
guns m pits, and there would still be very great uncertainty as to hitting the object. 
Let me add that the practice to which General Lefroy referred, was earned on in 
smooth water, from a gun boat that was tolerably steady, that the ranges were 
ascertained between each lound with considerable accuiacy, and that, therefore, 
there was an opportunity of correcting the fire of the moitars between each lound, 
which at last brought it to almost as great a degree of certainty, as the fire of 
mortars are capable of Still you see how unceitain it was Thrn view is quite 
confirmed by what Captain Alderson seated, that although there were thioe hits m 
the first fifteen rounds, it took 140 lounds to get the next hit, m the late experiments 
at the casemates at Shoeburyness Theiefoie, I do not think that mortars should 
at all he taken into account, m consideimg an attack by sea on these wraks I do 
not believe that any nation will ever develope means sufficient to carry on an attack, 
Buoh as General Lefroy described as that by which these gun pits would be assailed 
The weak point of MoncriefE's system is when the gun can be taken in flank I 
think this is the weakest point in eonneotion with it, unless the guns are m places 
where they are not exposed to enfilade file, and then this objection is eliminated But 
in other positions where exposed to fire from a flank, certainly the objeotion holds, 
unless you can raise traverses to cover the guns But the objection is one of a 
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limited character, too, because the gun 13 only up and exposed for a very few seconds 
at each discharge I suppose that the time a 12 ton gun will he exposed will not 
be much greater than with the 7 ton gun I doubt aery much whether it will he at 
all greater That period of time will also be reduced by the employment of skilled 
gunners , and if guns are worked as Captain Aldcison seemed to think they might 
be, by laying out buoys, and having corresponding marks on the raceis, it seems to 
me it might bo reduoed somewhat more If the gun be exposed for 25 seconds m 
an ordinary way, it is not unlikely that with piacticc the time of exposuie for each 
round will he reduoed to 15 sooonds Therefore, I do not think that objection is so 
very strong As to the objection taken that the gun carnage may bn hit by splinters 
and so disabled, I do not attach much importance to it Unless the splinters are 
veiy large they aaill not do much harm to a great mass of iron like that There will 
be slight grazes skin deep on the surface, but it is not one splinter in ten thousand 
that avill do any serious harm to that gun oniriage 
Major Glnlral Sir William Cordon, K C B , R E Having had some con- 
siderable opportunity of seeing the designs and the execution of coast batteiles, I will 
make a few remuksupon this invention in an Engineer pomt of view. It comes 
before us simply as an open eaithen batteiy in the first design of the inventor, and I 
will confine myself to compaiing it with w hat we have of similar oonstruotion A 
few years ago, when we had to make coast batteries, we designed them on barbette 
When rifled arms were intiodueed, we were obliged to cease filing guns over the para- 
pet, and to lowei them down below tbe crest of the parapet, and fire them through 
embi asures In an linpoi tant position it became ev ident that the protection to a gun 
in a batteiy ovith an earthen embrasuie was so small that it must be mcioased, and 
iron shields were introduced— -not mtioduced, but they were designed, and will ho 
introduced With reference to earthen batteries, we have been, as it weie, obliged 
to abandon those which have been hitherto oonstiuctcd of earth alone, whether en 
barbette or with embrasures , but heie we havo an earthen batteiy of a very eon- 
siderable amount of efficiency, without stiengthenmg in any way, and it can be 
strengthened like anything else Theiefore, we are vastly indebted to Captain Mon- 
onef£ for pioducmg a batteiy in eaith without the weaknoss of embrasures, and with 
the advantages oienbaibetto The value of his batteiy ovei foimcr ones is very 
gieat, and compared with an eaithen battery with an lion shield, I oonsidei that his 
batteiy, without any strengthening, comes into competition with it We might argue 
about the defects and weaknesses of both, and I think you will find there is n great deal 
to be said on either side Speaking roughly, I place the a alue of the Monorieff battery 
as about equal to an eaithen embrasure with an non shield Going still further, 
however, I do not think it enters into competition with a casemate, or with a turret, 
Captain Moncrieff has told us that he has other notions, othei views, othor anange- 
ments , and whon these are brought forward, then avill he the time to discuss them, 
and consider them m companson with existing works Mention was made of siege 
woiks My opinion of siege-worlc batteries is, that if embrasures are made now as 
formerly, they will not want the enemj to blow them to pieoes , they will be destroyed 
by tbeir own large guns Embrasures of tho old construction afford some conceal- 
ment, but very little protection Captain Monorieff ha3 shown us how we oan abandon 
embrasures in permanent open works I think we shall have to abandon them In 
siege works too, and I hope he will turn his attention to that question, and help to 
solve it, perhaps as successfully as he has done in the invention before us, 
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Captain Schaw, BE I wish to oltei a few lemaiks on this subject Thoio is 
one application of this carnage which has not been alluded to, and although it li is 
not been tried, I believe that it may piove of value to the oouutiy Wo know th it 
one of the gieat advantages of the system is that it changes the lioiiaontal strain of 
leooil into a veitical stiain, which it is much moie easy to deal with General Sim- 
mons has already alluded to this question of leooil in the case of oui newveiy 
heavy guns , but there is another class of guns now being mtioduced into the sei- 
vice, viz , our old smooth bore oast-non guns, stiengthened on M vjoi Palliscr's 
sjstem, and converted into poweiful nfled guns Iu tiling these guiis with full 
chai ges, a difficulty has been e\pei leneccl in checking then 1 ceod, which is cxcevxiv c, 
owing to then being exception illy light guns In Ciptam Monti left’s system wo 
have, I believe, an efficient mode of conti oiling this recoil, and, theiefoio, of utilising 
these cheap guns in many eases foi nlucli the moie expensive wi ought non guns are 
now oonsideied neoessai y This is a collnteial adv antago which prob iblv nnj 1 esult 
from the mtioduction of Ciptain Monoueff’s oamage The advantages of the car- 
riage foi oui land dtfences have alieady been ably biought befoie the meeting , I 
have only to add that I have eveiy confidence in the invention I have watuhed its 
progress fiom the beginning with great mteiest, and tho success of the expenments 
which have been made, has convinced me, as it has most of us, I think, that this is 
the right oamage for oui land defences, and that no time should be lost m adopting 
It A3 legal ds the application of the invention to sea defences, theie appe us to be 
more difficulty I oonfess that wkon I came into the room I was entn oly of opinion 
that the MoncnefE ByRtem of mounting guns was tho best we could use in all eases, 
wkerevoi eaith could be used as a pm ape t , and I had thought of putting befoie 
the meeting a lesolution to that effect I still think that, with a slight modification, 
we should be veiy generally inclined to ftgite to such a lesolution, because the cai- 
nage gives us all the adv intagpB of both embiasuies and baibottes, without their 
disadvantages , and, although theie can he no doubt that the attempt to w ork, on 
this system, guns of gieatei weight than 7 tons, may be attended with difficulties 
with which we aro unacquainted, yet I, foi one, do not anticipate that these diffi. 
oulties will he msupeiable 

Captain E H Steward, R E , read the following romaiks Captain Mouoneil 
claims such a supenouty foi his method of mounting and seiviug guns over any 
other methods of placing them m works, that one is liable to oveilook the gieat 
merits of his invention, in considering how far some of the advantages that ho 
claims aro borne out by facts At oui last meeting a gieat deal wis bukI about the 
effect of vertical fiie on tho Moneiielf gun This wur no doubt duo to the gun pit 
being advanced as a substitute foi casemates Now, if tho MononefE type of battery 
is meiely oonsideied as liable to he applied in situations where an open batteiy ib 
requued, the quostion will be narrowed to a comparison between the Monorieif type, 
and an open battery with embiasuies and shields , it being undeistood that ordinary 
embrasures are out of court iltogether, when compared with tho Mononelf system 

To begin with the meats of the MoncnefE system These may he best undeistood by 
comp armg it w ith the well known barbette battery, to which it is nearly allied, The 
baibette system of mounting guns affoids groat lateral range and fiee space for woik- 
ing the guns It also gives unpieiced paiapets, and has no paiapets above tho sill to 
stop percussion shells All these advantages aie however pm chased at the expense 
of the paitial expo suio of both gun and gunneis The Mononelf system has the 
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same advantages, and what is more it affords admirable protection to the men 
seiving the gun, and, to a certain extent, to the gun itself I say, to a certain ex 
tent , for the gun ns at present designed does not appear to sink sufficiently low 
when recoiling, to lie below the path of shot descending over the crest of the pit, at 
an angle of 10 or 12 degrees. It is not, howevei, right to judge of the gun in its 
present state, for Captain Moncneff has hndpiobably inviewonlya pitajlcur d'eau, 
and as such a case does not require depression, he may have counted on a higher 
parapet than he could otherwise do, without altei ing the gun carnage There is no 
doubt that the principle having been once established, the carnage can bo made to 
accommodate itself to dift ei ent conditions 

The pnncipal claim made for the type of battery under discussion, is that it 
is invisible , that it reduoe6 the number of guns , and that it will lead to ex- 
tensive economy m works of defence With regard to the first claim, there is 
no doubt that a work containing a single gun planted on a low shore would be 
undistmguishable, except at the moment of the discharge of the gun , but where 
many guns are grouped togethoi, and anything like a rapid flte is opened flow 
the batteiy, its position, and even the line of the west, will be cleaily defined 
This wdl bo sufficient to direct the enemy’s fire, particularly the horizontal shell fire 
and the plungmg fire It is difficult to believe that, wheu a vessel is engaging a 
fort, and is itself in motion, partioulai guns are laid at by the gunners on board. 
One is inclined to attubute the dismounting of guns to luoky shots If this 
view is correct, a general file at a Moncneff gun battery should be oounted on, 
and if in great quantity and plungmg, the invisibility of the gun will not count 
for quite as much as has been anticipated It should also be observed that the 
existence of a b&ok giound would greatly assist in the lining of the guns In siege 
operations where the guns would be stationary, the position of a Moncneff gun oould 
be told to a foot, aftei it has once opened fire, and its rising would bo waited for 
These, it must be remembered, are only arguments against invisibility There is no 
question, however, about the system making the silencing of guns a difficult matter, 
and of attaining that object in a simple mannei, though I fail to see that the 
Moncneff gun has gieater immunity from being silenced than the shield gun It 
must be remembered that the gun on the casemate platfoim is much nearer the 
giound than a gun on a Moncneff carnage 
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guns to the light and left Now, three Moncneff guns ai ranged m a battery of a 
slightly convex form, as shewn in the diagram, can be made to afford the same con- 
centration, and might he considered as effective in this lespeot, as the seven-gun 
embrasure batter) , so long as the attaok is made by one ship only If two ships or 
points of attack have to be calculated foi, the number of guns must be increased to 
jive Thus at the outside, the reduction of guns under most favourable circum- 
stances, is not more than 28 per cent As the literal command diminishes, the 
reduction will also deoreasc, for in the case of a battery firing through ICO 0 , it 
would not amount to more than 16 per cent In making these calculations, I assume 
that Captain Moncnoff will ultimately succeed in making his gun fire as quickly as 
the gun on the casemate platfoim 

With regard to economy in works, the alteration of the type of gun-oarriage does 
not modify any of the requn aments of a battery The necessity of providing an ob- 
stacle m front, of guaiding the gorge, of providing ammunition and other stores, 
also of quarters for the men, Is oommon to all types of batteries , so economy can 
alone he expected to ariBe fiom the employment of a cheap parapet The dotting of 
guns along a shore would be anything but an economical plan, for it would multiply 
the works, rendei the supply of ammunition to the guns difficult, and mtioduee awk- 
ward land questions In a battery, the slight saving arising from the reduction of 
the guns, and the simplification of the trace, due to the Moncneff gun, will probably 
he quite absoihed by the strengthening and raising the panpet, also by the increase 
of the gun interval requisite for the Moncneff guns, beyond that required for ordi- 
nary guns There, therefore, remains as regards the works, the saving due to the 
non-employment of iron shields, and this oan only he counted on provided that iron 
is not employed for the protection of the crest of the gun pit The money for shields 
could not, however be regarded wholly as a saving to the publio, for the extra cost of 
the gun oarriage will prove a heavy set off against it But laige saving, or small 
saving, the gun remains a great invention, and a credit to the country 

Lieut Colonel C Ohesney, RE I think it would be safer for their results 
if gentlemen who offer calculations would consider the premises they work 
from We have had read a papei founded paitly upon the idea that ships are likely 
to run past defensive batteries at the rate of 10 knots an hour I do not know what 
the theory may ha , but, practically speaking, I do not think there is a notion of any 
Engineers spending money to a large extent in ordei to have the chanoe of hittmg a 
ship that is running past at the rate of 10 knots an hour In all the cases known in 
modern warfare where ships may oome in to attaok batteues, it is undei stood that 
the ship is to be delayed in passing or in approaching the land defences Eithei you 
may have submarine explosive agents outside the battel y, (as was the case at 
Mobile), or shoals, (as in the uppai part of the same' harbour), or a lme of obstruc- 
tions aoross the ohannel, (as at Ohaileston), or a turn m the liver, where an elevated 
battery completely ohecks the advance of ships up the channel, (as at Richmond), or 
a oomplete stoppage by moanB of booms or ohams, (as at New Orleans), or a very 
moderately extended pieoe of water, (as In the harbour at Sepaatopol) , hut no one 
would deliberately put down money in the form of batteries with the idea that he is 
going to get a shot at a ship moving past undei full steam Moreovor, if stops going 
at such a vate were to fire at batteries, I imagine the gunners reside the woiks would 
care very little for the ships. Stops cannot make good praotioe unless they keep 
within a very moderate rate of speed In the action between the Kearsage and the 
Alabama, it is welt known, that although both kept moving, they wore obliged to 
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move extiemcly slowly, or they could not have worked then, guns to any effect 
Therefoie, if I am not mistaken, such calculations inaj he fanly diopped out of the 
question, nor do I think it vitally affects our discussion whether a gun be supposed 
to he vvoilced m 2 minutes 20 seconds, or in 1 minute 20 seconds, piovided it flies 
well and the gunners arc well pioteoted I would say one word moie about Captain 
Moncrieff’s system, as to an unpoitant case which does not seem to have been con- 
sidered. It was lately pioposed by a well-known officer of Engmeeis to put up at one 
of oui colonial hnibours some single-gun towers, to piovide lesistance against a 
single ship of war, or aimed puvateei, which might come there to take up a com 
mnndtng position inside the liaiboui, and to lie there quietly, and to lay the town 
under a heavy oontiibution Now, it is quite ceitatn that in most of our colonies 
they expect to have a land foice of then own, of volunteers, in fact, sufficient to 
resist the landing of a few boats’ ciews In such a ease as where a singlo ship is 
detailed to attaok a town, and the local forces can prevent a landing, a mere gun pit, 
with one oi two Mononeff gnnB commanding the Innei parts of the hnbour -such a 
battery, m fact, as might he easily mnde m many of our colonial haihours— piotected 
by the body of volunteers concealed by the nearest rising ground, would offer the 
very best dofenee, and save the town fiom being thus endangered or insulted I 
think that application of the cairiage should be boiue in mind It ippears a cheap 
and efficient means of protection for this special, hut by no moans uncommon, case 
Lieut Colonel P ablet, BE I think Geneial Simmons gave % eiy good advice 
when he lecommonded that we should spend oiu time in ende ivouung to considei 
how we could make Captain Monci leff’a invention applicable to existing woiks, or 
to woiks that have to be constructed, lathei than in picking holes in bis argument 
oi in his design as it stands With legmd to what Lieutenant Ardagli said, if I 
understood him aright, he confined himself to a oompauson between Captain 
Mononeff ’s baibette system and the oidmaiy embiasuie, leaving out of considei a 
tion altogether the shields But I think that is scaicely a fair way of putting it 
Lieutenant Aedauh No, no 
Lieut Colonfl Pasley I undei stood him to say so 

Lieutenant Ardaqh Li the case of land woiks , in the case of sea works 
with shields 

Lieut Colonel Pasley Then I misundei stood Ills i emails on that point 
However, I think the shield, aftei all, is merely a device, an excellent one, no doubt, 
as far as it goes, but still an impeifect method of getting over tho ladicnl dangers 
and faults of embi asures — 

The Chairman In open batteries ? 

Lieut Colonel Pasley, la open hattenes — these embrasures, which hive been 
the difficulty and despair of militaiy engmeeis since the birth of modern fortification 
We may divide the question mto thiee parts, but I am not going to enlaige upon 
them , I wall only say a very few words upon two of them Theie ib the land defence, 
that is to say, the defence of fortieses , the defence of the coast , and the attaok 
of fortresses. With legaid to the defence of fprtiesses, I think that pait of the sub- 
ject iB comparatively of little lmpoi fcanoe to us just n6w We have a great deal to 
do with coast defence, and we may possibly have to do with the attack of fortresses, 
hut we are much less likely to he called upon to deal with their defence We may 
perhaps, for the piesent leave that part of the question to the continental nations 
who have a more immediate interest m it, and who may be tiustcd to pui tut the 
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enquiry with zeal and intelligence, and wo may confine oui selves to the two winch 
concern us most 

As regai da coast defences, we may put casemates out of the question altogether. 
When protection from vertical fire is required, 01 when, flora want of space, guns 
must ha placed in tiers, one over another, it is necessaiy to construct casemates 
It may, peihaps, be found possible, heieaftei, to adipt Captain MoneriefiTs 
system to casemated works, but it C3n scaicely be said to be applicable to 
them as it now stands But, wherever open battenes aie requited, it seems to me 
that the advantages of the system aie peifectly clear You get ud of embrasures 
altogether, and with them of all limitation to the thickness of youi parapet In 
fact, instead of a parapet, you may place your guns undei the cover of a glacis 
I quite concur in the opinion expressed by General bimmons as rogaids the extieme 
difficulty of getting the range (howevei well the enemy s guns may be pointed) 
with sufficient accuracy to strike suoh a parapet at its weak spot aeai the cie st 
Probably not one shot in a thousand (from a ship, at any rate) would so perfectly 
combine accuraoy of direction and of range as to injure a gun which cannot be seen 
except for a few moments at a time, and the position of which when out of sight is 
not denoted by shield, embrasure, 01 othor mark on the parapet If a shot should 
chance to strike the crest of the parapet between two guns, it will do no more misohief 
than if it struok the parapet of an ordinary battery between two shields 

In comparing a Mononeff with a shield battery, it must be boinc in mind that in the 
latter, besides the embrasure or port, which is entirely unprotected, there is a very weak 
spot on each side of the Bhield The chawing on the wall shows very clearly the exis- 
tence and the nature of this defeot which is inherent in the system, and cannot bo 
avoided consistently with giving any lateral training to guns behind shields All that 
difficulty is got nd of by a system whioh enables you to put your guns, with all the advan- 
tage of having large lateral range, behind what I call a glacis, unbroken by embrasures, 
instead of a paiapet With legardto the comparative valuo of earth and masonry, it has 
been stated to-niglit, very correctly, that the choice of materials must depend in a great 
measure upon the space you have available As to earthen parapets, it has nevei 
hitherto been disputed that, assuming a certain amount of inaccuracy in the enemy's 
fire— and it is sure to be a gieat deal more inaccurate than it is often assumed to he in 
discussions of this sort — an earthen parapet, if you can only get rid of the embrasures 
and keep your guns, or at all events your gunners, behind it, affords the best protec- 
tion you can have , far hotter than masonry, and probably better than iron, provided 
it Is thick enough I am very much inclined to bolicve (and I should like to see the 
thing thoroughly tried, whioh, as far aB I oan learn, it lias not yet been) that foi coast 
defences, parapets made of dry sand, would probably prove to be better thou the best 
rammed earth I am led to this opinion by General Gilmore’s description of the 
attack on Port Wagner, near Charleston, where thepaiapets were made of sand The 
besiegers hod the disadvantage of being confined to a veiy nanow front of attaoh , in 
fact, the space they weie able to ocoupy was actually narrower than the front thoy 
were attacking But they had the advantage of a far more powerful artillery, in- 
cluding guns of very great range , so they were able to establish rows of batteries one 
behind the other, firing over eaoh othei Although a very heavy fire was kept up for 
a long time, no material injury was done to the works of the fort So laige a pro- 
portion of the sand thrown up by each shot or shell fell hack into its place, that the 
parapets pioved praotioally impenetrable, and the damage done bj a day’s firing was 
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easily repaired m the mglit Now, that would not be the case with well rammed 
earth I am informed that at Slioeburyness, a good many shells have been fired into 
sand, apparently with a good deal of effect, each shell increasing the size of the hole 
made by the first , but, then, I understand that was sand which the tide had jnst left. 
In older to see the difference between that and a parapet made of dry sand, you only 
require to go down to any watenng place where there is a sandy beech, and see the 
cliildien throwing up their little fortifications Bolow high watei maik, where the 
sand has been moistened and pressed down by the tide, they make castles and mounds 
with great facility, but with the dry sand higher np they can do nothing The diffe- 
rence ih so important, that I do not think the results hitherto obtained at Slioebury- 
ness afford any indication of the value of sand in works of defence. A parapet should 
he constructed of dry sand, and filed at systematically 

As regards the question of guns generally, I do not think there is any reason to assume 
that there will be any difficulty in adapting the Moncneff system to the 12 ton gun, 
or to guns of even greater weight , considering how perfectly successful the veiy first 
experiment with the 7-ton gun proved to he, I do not feel the least doubt that it will 
he equally successful with the 12-ton gun 

With regaid to siege operations, that point is of very little impoitance, because 
it is not likely that 12-ton guns will be oarried m a siege tram , but 7 ton guns 
probably will be, and the advantage of being able to establish your batteries 
of attack without being obliged to build olevated parapets and make embrasures, 
offering a good mark for the file of the garrison, is, I think enormous When 
your fire Is once opened, it is a question which side can pound away the hardest 
and keep it up the longest You have generally the advantage of position, but the 
difficulty has always been to erect and arm your batteries under the fire of the fortress 
That difficulty would be greatly aggravated by the Increased accuracy of nfled artil- 
lery, and we shall gain an immense advantage by being enabled to keep the enemy m 
perfect ignorance of the position of our battenes np to the moment of opening fiie. 
Captain Mononeff proposes to adapt his plan to siege operations, by making the gun 
portable on a railway , and this has been talked of for land defences also The car- 
rying out of this scheme in siege operations would often he impracticable, and always 
attended with more or less difficulty, beeause If we allow that the recoil is so com- 
pletely absorbed by the peouhar action of the oounter- weight, that there will be no 
lateral strain on the rails, the dead weight of the gun and carnage is so considerable, 
as to require a substantial line with heavy rails and numerous sleepers to carry it 
This, however, is a quostion for experiment and mature consideration. The great 
faot with which we have now to deal is that we have actually got an invention which 
enables us, wherever open battenes are to be constructed, to dispense altogether with 
embiasures and with shields If Captain Mononeff had given us that alone, without 
holding out any further hopes as regards the futuie, I think we should have reason to 
he very much indebted to him, 

Major General Simmons In order that it may appear upon the short hand 
notes, I should like to correot what I said m considering the amount of vulnei ability 
of an embrasure with an iron shield I stated that the embrasure was 3 ft 11m 
high by 2 ft 6 in. broad, which would give 8 8 square feet of target But I ought to 
have added nearly a foot all round the embrasure, because a shot striking anywhere 
within that foot would cause a vast number of splinters, and probably a great many 
of them would pass within the embrasure. This would mciease the superficial m eft 
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of the tiuget to naaily 27 square feet, instead of 9 8 squnie feet , similarly, it would 
inoiense the area of the cmbiasuic for a muzzle pivoting gun, from G G square foet 
to 21 squaie feet I think it is very important that this should be borne in mind in 
considei mg this question 

Colonel Jebvois, RE I do not desire to lefei to the point mooted by General 
Simmons with the view of raising an objection to the adoption of Captain Moncrieif’s 
system I merely use to speak with reference to the relative piotection affoided by nil 
iron shield, and by an eaitlien oi masoniy paiapet, for the protection of a gnn 
mounted on the Monoueff gun-cainage Wo will suppose that you require 120 
degrees of lateral range The seotion would be this, (showing the same on the 
black board) I do not suppose that anyone will question that shot, coming at 
an angle, such as that, will cairy away that poition of the parapet (showing same), 
and strike the gun and the gunners That, of couise, can be got oier by applying 
iron, or other material, to strengthen it Tou will find, that m order to obtain the 
pioteotlon that is desired fiom that height of parapet, it would he necessaiy-that is 
if the views pi evading at the present day as regards protection are adopted that 
some portion of the paiapet should be of iron Foi myself, I should be ready to run 
the chance, without the iron addition But we are consideung the degree of protec- 
tion afforded by an eaithen or a masonry parapet in front of the Jlonorieff gun, in 
comparison with the protection affoided by an hon shield , that is the point before 
us. Now the port in an iron Bhleld for an orchnaiy casemate gun-carnage, as Gene 
lal Simmons says, is 8 ft 11 m by 2 ft G m I do not admit that you are to add to 
it a foot all lound , for the protection afforded by the sides of the embrasure, 
although not quite so strong as it is at the other parts of the shield, is very con- 
siderable 

Captain Jasper Selwyn, BN As my senior, Admiral Key, has declined to 
take up the subject on the present oooosion, may I, as a naval officer, be permitted 
to say a few woids m this assembly as to the kind of defenoe I would not choose to 
to attack , because I think you will agree with me that those who have to attaok 
the defenoe have a very good idea of what defences are likely to annoy them most 
Now, X have had considerable experience m the servioe, with various kinds of 
defence and of attaok in foieign oonntries, and with some nearer homo I have 
always found that there were two kinds of battery which were most formidable to 
shipping One was that which was raised very considerably above the plane, and 
which therefore gave a plunging fire, against which, not even iron-olnda have any 
protection whatevei The other was the battery a fieur cPeav, established on a mud 
bank, not rising much above the surface, which was not appioaohable by boats, by 
reason of the shallowness of the water Hitherto, such batteries have been estab 
lished on piles with earthern paiapets, and we have been able to rum the parapets 
and to destroy the embrasures But if a caisson be sunk in a mud island, and a 
Mononeff gun were in it, I have no possible means of silencing that gun I oannofc 
attaok it in any sort of way , and it will generally hit as long as it is m my line, how- 
evoi badly it may be aimed as to elevation, because I am consideiably above it, and 
it ncoohets along That is one of the most formidable guns we have to attack I 
think It is beside the scientific view of the question, when people take the existing 
modes of fortification and ask their application to an enthely new- system of carriage, 
which Is calculated to meet very many of the difficulties wluch have hitherto been 
felt in fortification, and to change the conditions under which guns can lie used One 
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of the fiist oonsideiations we have to hear In mind m these islands Is, that no enemy 
coming undei steam would approach any fort at all , and one of the best places for 
landing is where there has never been a fort, on one of the deeps of Norfolk, where I 
could run a thousand men on shore m the course of half an-houi, with my vessel’s 
nose on the beach, and back her off afterwards If I had a dozen steamers, I could 
repeat the opeiation with the whole dozen It is not now necessaiy to wait for tides 
or winds, or to approach harbouis with the same pieoaution that we did formerly I 
must, however, dissent entuely from any idea that ships can run past forts at ten 
knots an hour in a narrow channel Wo are very reluctant, m fact, we should be 
“ oouit-martialled” immediately, if we attempted it If we go into shallow wateis 
at all, we use the lead , and wo cannot go at ten knots an hour using the lead We 
may have ohaits, and the channel may be buoyed, but the buoys may have been re 
moved or altered, and the landmarks shewn m the oharts may have been falsified 
We dare not run fast into shallow waters, sot perhaps with torpedoes , we dare not 
go at ten knots, nor even at five knots Therefore, that idea is to be left out of the 
question altogether The mode m which a squadron makes an attaolc is foi the 
admiral to form a plan of attack beforehand , the ships run in and take up their 
positions, and pour m their fire on anything that is visible But they would be very 
much puzzled, even before the smoke begins to suiround them, if they weie called 
upon to fire upon something that was invisible, or whioh was only indicated by a puff 
of smoke that rose ovoi the land some ten minutes ago, while the men weie bunging 
the ship to anohor What are we to do to silence such a gun? We cannot luin its 
embrasure, foi it has none , we cannot hit it, foi it is invisible It may be said that 
vertical fire may plunge a shot into a gun-pit I answer, that for such a chanoe, half 
the shot m the ship would ho thrown away, only that you might hope you had pro- 
duced such an effect And uhen you take into consideration that Jack’s gun yust 
gives out its smoke while Bill is taking his aim, the shot would he thrown away ad 
infinitum Still worse if mortar boats are placed behind a piomontory, where the 
enemy must ascertain the position of tho defence (if he asceitam its position at all) 
by compass , a most fallacious means, if the vessel has any iron in her composition, 
still more if she has a vaiying quantity of shell oi shot on boaid , I should not trust 
to any such thing I say, distinctly, my impression, as a naval ofiicei, of veitical fire 
direoted against coast defences, is, that no man m his senses in command of a mortar 
hoot, or in command of a mortar boat fleet, would over attack, in any such fashion, 
any hut a large fort or a laige town. He could not hope to opeiate successfully 
against detached guns, or against small batteries The system of utilising this mag- 
nificent invention — I ooll it magnificent, for I soy it is the application of a great 
principle — is not alone the affair that we see before us in its present develop- 
ment, hut it is the application of a great principle, which is as capable of as 
much modification and of as great improvement, as the steam engine since the days 
of Watt It is no more wise to talk of the Moncrlcff carnage of to-day as being 
the ne plus ultra , than it would have been of Watt's engine 
I will speak now of the development of tho defence of our coast I say, if you give 
me a mud island, and allow me to sink a caisson in it, and leave a ditch outside it, 
which contains water, I shall not fear any penetration of the mud around, I think 
water) which was adverted to by General Simmons as offering a veiy Bokd defence 
against shot, may very well be left where nature has placed it, and that it will piove 
a very great defence against any suoh penetiation as 60 01 00 feet into earth, which 
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Is supposed to have been obtained, but -which I deny Tho water may bo loft there, 
and similarly sand may be left there It is well known to engmeeis that diy sand 
has a most efficient power of lesistance against motion If you want to establish a 
Nasmyth hammer on a solid foundation in a mai shy ground, you need not use any other 
foundation than sand Some of the largest structures m Holland, where I was tho 
other day, are built upon sand piles They offer a lesistanae to weight, let alone lm- 
paot With regaid to impact, I would instance this expeiunent A glass tube was 
taken, of two inches bore and of very modeiate thickness It was filled with six 
inches of sand, the tube being two feet long The bottom was covered with silver 
paper An iron bolt waB let fall from the whole height of the tube on that sand It 
failed entnely to break thiough the silver paper, simply because the partiales of sand 
had a motion of themselves, and slowly absoibed the force by friction 

I cannot end without speaking stiongly on the subject of a railway in connection with 
coast defences. I do say that if I, in a squadron of ships, had to attaok the Thames, or 
any other nvei, having also to encounter the tide of that river, whioh would diminish 
my speed below that which I could otherwise attain, I should fear most such guns as 
had no fixed point of attack, but which might be moved along a coast lailway, de- 
voted during peace to other most useful purposes, to re-appear at points where I never 
could expeot them, and to which I had no knowledge that they were bemg moved, and 
which would also accompany my ship along the river side, and wait for me at my 
defeacoless moment, when I was In difficulty with a shoal, 01 strong tide, 01 anything 
of that kind For this purpose, and for such as this, I do say that a gun which dis- 
appears, as on a Mononeff carnage, after flung, has an invulnerability which cannot 
be over valued Speaking as one of the possible attaolcers of coast defences, I say 
that is one of the defences that I should most reluotantly attack, and whioh I should 
most peisistently avoid 

Thb Chairman I think this subject is very fai from being exhausted It is 
now too late to continue the discussion , and we must part to night, meiely looking 
upon it as an adjournment I think there are a great number of offioers present who 
would like to speak upon the subject. I do not know whether Captain MonoriefE 
wishes to say anything 

Captain Moncribff said he had a great deal to say, hut as the time had elapsed, 
and the meeting began to break up, he decided to defer his reply until the next 
meeting 

The Chairman , The subject is one of very great interest to us all, as shown by 
our having had two meetings, and I hope we shall have a third, and even n fourth. 
It is very dasnable that we should know what has been said upon the subjeot, and 
my proposal is that the short-hand wntei’s report of the disoussion, both to-mght 
and the previous night, should be prmted and circulated befoie we meet again. 
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MAJOR GENERAL FROME, I G E , &c , IN THE CHAIR. 

The Chairman I have leceived a lettei from Sir John Burgoyne who regrets he 
is not able to be present at this meeting thiough indisposition He, however, tells me 
that he has sent a memorandum by Lieut Aidagh, and I should be glad to have it 
lead Captain Moncrieff, also, is not able to attend thiough illness, but Captain 
Selwyn has a papci from him with reference to the last meeting, which Captain Mon- 
oueff is dean oils should be read I think it quite right that we should hear these 
papers in the first instance, before we go on with the discussion When Lieut Aidagh 
comes in we can heai what Sh John Buigopne says, and, in the meantime peihaps 
Captain Selwyn will be kind enough to lead Captain Monouefl’s remarks 

Captain Selwyn, R N Captain Monorieff being confined to his bed by a feverish 
attack has requested me to lead a few lemnrks which ho has hurnedly written to- 
day m Older that the observations made during the last discussion, which there was 
then no time then to answer, may not remain without some leply, and that he may not 
lose the opportunity of expressing his acknowledgement to those officei s who on that 
occasion declared themselves so strongly in favour of his system Captain Moncrieff 
remarks In the adveise ontioisms which I feel called upon to answei thei e aie certain 
mam allegations PiiBt, It has boon alleged by Lieutenant Ardagh that the system is 
not suited foi coast defence To this I would leply that the whole of the aiguments 
he uses to prove his point aie based on premises as to the rate of file being less with 
my system than with oidinaiy caniages He admits that if the rate of flung with 
mj carnage for a 1 2-ton gun weie 1 J minutes pei round, the balance might be turned 
in my favoui Now, the time given by Captain Alderson is 67 seconds per round 
with the 7-ton gun against 48 seconds with the seivice gun carnage Lieutenant 
Ardagh’s opinion that the time lequued will morease out of proportion with heaviei 
guns is only an opinion, and ought not to have moie than its duo weight in the face 
of the expressed conviction of officers who have moie piactical experience of the 
working of the new carnage Lieutenant Aidagh has entiiely oveilooked a condi- 
tion which mateiially affectB the speed of flung of all guns m oabemates, and even 
to a certain extent m embrasuies It is, that the smoke invariably clings to and 
suirounds all such structures, and it is well known that the rapidity of fire which the 
particular cariiage might be able to attain is raieiy called into action, on account of 
the time duung which aiming is impossible This objection is peculiarly applicable 
where the target is a moving object Dismissing, theiefoie, all the arguments based 
on an assumed late of flung, I turn to the statement that the system I advocate does 
not give real pioteotion Heie I find Lieutenant Ardagh again assuming a slope of 
glacis whioh I never contemplated, and a depression of gun which cannot be obtained 
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by ft sen. attack If he means by depiession the cun o of a long lftnge trajectory, I 
answer that, to this all defenoes not ctiscmated are equally exposed, that such modes 
of attack are not puisued geneially in consequence of the undecided lesults they 
obtain, and that it has not yet been pioved that any great thickness of eaith can he 
penetrated when the shot is falling one foot m ten Besides, if earth u ei e insufficiently 
resisting there aie many other mateilals that mnv be used in such cases shoit of the 
expensive iron he seems to think necessary Theie aic two other assumptions to 
which I strongly object The first is that my system will find its best application m 
existing fortifications , the othei, that the system is itself incapable of expansion and 
improvement to suit each situation which it may be called upon to occupy Lieu- 
tenant Ardagli seems also to take foi granted that the protection gh on by our piesent 
coast woiks is all that could be desired With legaid to the fust assumption, 
I would recall youi attention to the remaiks of Lieutouant- Colonel Ckesney on 
the defence of our colonial ports, and I should wish to ask this meeting whether 
theie arc not many such placeB which might now he insulted with impunity hy a 
single elup, even on our own shores As to the second assumption, it is not to bo 
imagined that because I have only hitheito devoted my attention to a particular 
adaptation of my punciple, and hy doing so have secured myself against 
many of the euors and defects which usually attend a fiist trial of any 
new system, I am not in a measure piepared to show how in a special 
case, special appliances may he made use of , neither is it fan to compare the 
results of long tiaming, and great experience in an accepted method with 
those that can he obtamed with a new system on its pielimmary trial I have re- 
ferred to the question of the compaiative protection afforded by the different systems 
of defensive works That protection is of two kinds— protection to the men and 
protection to the guns. With the limited gun detachments available for coast .de- 
fence it is clear that protection to the men is of the fiist importance I am not now 
oalled upon to compare my system with guns m casemates, wheie a special applica- 
tion of my principle would be necessaiy , but I affirm that even a casual observer 
would soon be satisfied of the greater protection afforded hy a Bystem whioli is with- 
out embiasures or other openings as compared with one which has indeed iron 
shields, hut shields with holes in them, capable of deflecting shot into the work, 
which might otherwise pass it haimlessly But besides this, the pioteotion afforded to 
the men cannot be fairly dlsoussed, till the anangements of the interior of the gun- 
pit are made the subject of a study, which I have as yet not felt at leisure to give to 
them, General Simmons puts the vulneiahle surface of a port m the iron shield at 
27 square feet. A shot or shell, hitting any part of this, is likely to injure the gun, 
or make havoc among the detachment, and it is to be lemembored that this exposure 
is a permanent one, and has theiefore no parallel in a gun pit This, too, Is more 
than the greatest tempoiary exposure on my system, even were I to entertain the idea 
of the side of the gun being fully exposed to a flanking or enfilade fire while firing 
itself at another enemy In fiont Tho lioiizontal exposuie, even m such a case, is 
hut temporary, and may compare favourably with the constant exposure of the 27 
squaie feet above alluded to 

A few of the instances m which my cutics have gioatly erred may be here given, 
in order to free me from the necessity of refuting seriously or seriatim all the hasty 
conclusions at wlnoli soma of them have arrived It is supposed, that in the defence 
of an existing fortification, I should resort to high tiaveises, built up for no other 
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puipose than to define the position of the gun. Why I should not instead dig out 
the necessary space does not appeal When existing fortifioations are to come to 
their trial, it appears that an “ almost perfect protection ” can be given by parapots 
25 feet thick , but even aB a glacis, and not a parapet, 40 feet cannot be relied upon 
to keep out shot from the gun-pit As to the expense and time required to establish 
these gun pits, I may point to a fact wlnoh is patent to every one The gun pit at 
Shoeburyness was made at an expense of a few pounds by half-a dozen labourers, 
employed during about a week Now this is just what could he repeated at any 
threatened points of the coast, when coast defence became necessary I need not say 
that no officei who knows practically the requirements and expedients of real war 
would find much difficulty in establishing the necessary magazines and stores, behind 
a parapet 10 feet high Neithei is it to be supposed that in such emergencies there 
would not he a great deal moie work done in a given time by a given number of men, 
than is ever the ease under contacts and eonespondenee in time of pence If the 
sort of battery of which Lieut Ardagh is evidently thinking is to take months to 
piepaie, it is oertainly not the light thing foi such an occasion 

I am content to leave the question of the exact value of my gun carnage in the 
hands of those who have found occasion foi friendly cntioism of my system , the 
more so, as at this moment it is well known that the subject Is leceivmg the consi- 
deration of a committee I oan only say, ra conclusion, that no one can be more 
anxious than myself that no unnecessary delays should iutorfeie with the rapid de- 
velopment of the principle But I regret to state that up to this moment, I am still as 
powerless to proceed as I was after the first trial whioh took place nine months ago 
The Chairman I would now propose that this memorandum of Sir John Bur. 
goyne’s, which has just been put mto my hands, may be lead With regard to 
Captain Monorieff’s paper, I do not think it will be necessaiy to make any oomments 
upon it , it speaks foi itself Aftai Liontenant Ardagh haB been kmd enough to 
read Sir John Burgoyne’s paper, we will go on with the discussion The ques- 
question wo weie entertaining last time was principally the application of the Mon 
orieff system to land defences, to sea defences, and to existing w orks That is the 
subject we should return to -is soon as possible without going mto the question of 
construction, or repeating what hae been said before 
Lieutenant Ardagh, R E , read the following remarks by Field Marshal Sir 
John Bttrqoyne — 

In oommon with the general, I think I may say univeisftl, opinion, I consider this 
invention of Captain Moncneff extremely valuable Theie may he differences of 
opinion as to the extent of its application , a matter, however, on which it is not very 
essential to dispute, as it mil he gradually developed by use and experience 
The old barbette batteiy, from its unlimited oommand of lateral range, and its 
freedom from the damaging effects of the enemy's fire on its partially covering works, 
possesses advantages that leads to its application m many situations, notwithstand- 
ing its gieat and serious defect of extieme exposuie to the enemy’s file 

By this contrivance of Captam Moncneff 's, wo retain all its advantages, with the 
removal, to an enormous extent, of its only disadvantage, that is, from a state of 
constant exposuie, to that of what is only occasional, for periods counted by seconds 
of time, and that when it is your own pleasure to fire the gun, Tins, then, is one 
dear gain, 

Then, Comes the more important question of the practicability of applying it as a 
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substitute for embrasures, which, again, aie exposed constantly to the damaging 
effects from direct fire, from which these guns are exempt, except during the very 
sboit periods of pointing and firing the piece, when, certainly, for those short periods, 
the exposure is greatei, not only to a direct file, but also opens the gun and gunners 
to a wide langmg lateral fire , and there may he differences of opinion ns to the com- 
parative value of loss or gam in that respect, but all will agree that in many oases it 
maybe apphed to advantage in plaoe of embiasuies 

It is to be remmked that the getting rid of the embinsures would be attended 
with muoh more advantage than might he geneially supposed , for it is not only the 
embrasures, but to obtain them lequnes to have the meilons and indeed the whole 
line of parapet above the height of the genouilliSro exposed to destruction by the 
besieger's fire, which is, in fact, one of the regulai piocesses iu a siege, and thus not 
only has the effect of Bilencmg the guns, but of opening, m *i great degree, to view 
the whole terreplem of the work , wheieas, a parapet, as on this principle, prolonged en 
glacis, may be said to be virtually, as a whole, indestiuotible, except m a woik pre- 
senting a very small fiont , the very partial damage that oould he done to it, so little 
indeed, as not likely to he ever systematically attempted, would be readily repaired 
When wo treat of the snpenoi slope of the parapet being m glacis, it is not meant 
as neoessarily implying a continuous glacis fiom the crest of the paiapet, hut one that 
may be intei seoted by a ditch, provided that the samo plane as that of the upper 
slope of the paiapet ib continued from the oiest of the covering countersoarp or 
covered way 

Many matters of detail have been adverted to whioh have a beaiing in estimating 
how far such an invention aB this may he really valuable , for inventions, shewing 
manifest advantages, frequently require sacufices that more than counteibalance 

First, then, the efficiency of its mechanical construction and working parts this 
is said to have been already proved by adequate tuals, up to the scale of the 7-ton 
gun, and no doubt is expressed but that the principle may be extended to heavier 
metal, every exertion, howevei, will, of course, he continued for oven further im- 
provements, if possible, on this bead for simplicity and freedom from liability to be 
put out of order are of the most essential importance , not only should it be Btrong, to 
meet lough usage and wcai and tear, but of a construction that m oase of defects 
or accident, would not require the leflned means that are only to be found at great 
manufactories 

Whatever differences of opinion there may be as to the amount of effeot of the 
enemy’s artillery on these guns dm mg even their vciy short period of exposure, there 
can be no doubt but that the gunners might suffei much from rifled small arms , but 
possibly that might be met by some musketry-proof screen applied for the moment , 
and, perhaps, even the gun itself might be m some degree concealed from view when 
raised by a loose canvas oiutam Nothing at all refined or troublesome would be 
needed for eithei of these objects 

' The question of cast has been referred to , one that just now it is the fashion to 
enforce somewhat to extremes, that is, without reference to a fair comparison with 
the value of the benefits to he deuved from it At all events, in this case, there are 
doubts whether the actual cost will, on the whole, much, if at all, exoeed that for 
which it will be the substitute 
With regard to vertical fire, it would be neither more nor 
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other gun that is not under bomb-pioofs, which this Is not intended to he At 
the same time, vertical file, when direct and not very close, is of verv little effect, on 
account of the small extent of range on which it must fall, namely, hut little more, 
than the length of the gun and oarnage, and only becomes formidable when on an 
enfilade, which, giving it a fai greater mark, would be attended with its usual 
destructive efteots 

Reference is made to its employment in pits, that is, sunk, it is presumed, m the 
earth, to the depth necessary, or neatly so, for its entire cover This, I apprehend, 
would, on sei owe, he found to he a mOBt inconvenient practice , fiist, from its want 
of command, as the slightest inequalities or obstructions in front, such as almost 
always exist, except on the blow or descent of a height, would greatly affect its fire , 
and again on account of tho state of such pits, which frequently it would he most 
difficult, if not impossible, to dram in wet weather 

In the sieges in Spain, cnoumstances drove us generally to sink our batteries, and 
though to a tiltling degree compared to what these guns would require, we often 
suffered fiom the two causes above mentioned These difficulties would not he 
expenenced in peimanent woiks Of courso, it is meant that all suoh pits should 
ha\e coveied communications to them 

I do not know whetliei it is contemplated to use these carnages in the siege of a 
place, hut I bhould consider them far too unwcildy to be added to the equipment of 
an army in the field, even in a siege train, or for being brought into the trenohes , 
the laboui of putting them in batteiy would also be paiticulaily heavy, nor are their 
speoial advantages so much required there 

If this mode of mounting guns should have the effect, as I anticipate it may in 
many cases, of pieserving the parapets of a front attacked from any but partial 
destruction, it will afford in defence additional means of retarding the progress of a 
siege, for guns may then he brought to bear from time to tuns suddenly on the 
trenches, whioh at present they cannot be , and as the sap in particular, is on a 
principle for security only against musketry, on the assumption that the artillery of 
the garrison would then be silenced, the very lightest description of pieces, say a one 
pounder, w ould be quite efficient against it, and thus would require more elaborate 
and slower proceedings by the beslegei 

For such service it will be deshable to adapt tho piece to a power of very ready 
removal fiom place to place, and consequently not to require fixed curbs foi tiaver- 
smg on, which would not be difficult for suoh small piecos 

On the whole, I hope that this principle of working guns will be actually employed, 
first on a moderate scale in positions where its advantages nre most palpable, whereby 
partial improvements will, no doubt, BUggest themselves , and that its application will 
then be fuitber extended. 

The Chairman The pnpei by Sir John Burgoyno having been read, it is now 
open to any officer to malic any remarks 

Colonel Gall wet, BE I think, Sir, in the two previous discussions wo have lost 
Sight m a great measure of the important sub]eot of Bhell firing from rifled guns of a 
certain calibre We have spoken about penetration of shot, which is absolutely 
Ineffective again«t an earthen battery , and as to shell firing from mortars some 
people seem to place value on it, and others do not However, it is nothing compared 
with the fire from a nfled gun firing shell horizontally I think one of the great 
reasons why we do not understand it is that, with the exception of some experiments 
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carried on by the Ordnance Select Committe about five years ago, -we have hardly ever 
seen a shell burst in earth. We cannot fire them at Shoeburyness as there is no suit- 
able range When we Bee blind shells fired at earth, and turning all sorts of ways 
after impact, we imagine that shells do no harm I should like, therefore, to draw the 
attention of this meeting more closely to what was done at Newliaven I shall 
shortly desoribe these experiments, and I am glad General Lefroy is here, as he will 
be able either to correot or support what I state The Newhaven experiments were 
oonduoted or undertaken to asceitun the penetration of shot and shell from different 
guns in the service, both rifled and smooth bore, and also to ascertain the quality of 
the fuses. During the couise of the experiments we tried to burst the shells m the 
exterior slope of the parapet, when, of course, there were a great many grazes and 
occasional misses In watching the action of the shells fired from rifled guns, par- 
ticularly those from the 7-mch gun, we sa w several examples of this land — viz , where 
the shell Btruck the superior slope about twelve feet or so from the crest, and after en- 
tering a certain way it burst, dealing away a mass of earth, the fragments of the shell 
passing thiough into the battery at a high velocity We could plainly see the matrix 
of the shell where it burst blackened in the olay You will see the effeot m some 
photographs on the table Then the committee, if I lemember rightly — I have lost 
the report, but I was a membei at the time -having some hundred rounds left, it was 
thought advisable to expend them in making a breach In order to effeot tins, instead 
of “ plumping ” the shell into the extenor Blope, we fired at the crest of the parapet, 
and that breach which you Bee in the photograph was thus formed It is 83 feet 
wide, 5 feet deep, and the paiapet was 25 feet thick, made of very good stuff. 

The Chairman What was it made of 1 

Colonel Gallwey Of sand and clay well rammed— a very good parapet 
indeed I think there aie some offioeis here to-night who had the digging out of the 
Ehot The penetration was very good The result waB, that breach was made at 
],060yaids, with about seventy 7-inoh shells mahout two hours and-a-half, many of 
those shells being blind, and a good many bursting prematuiely In fact, it made a great 
impression upon the committee, especially upon me, who looked upon shell firing 
generally as not myunng the paiapet materially, as the earth could not he got rid of ; 
whereas, heie with rifled shells it was liteially blown away There have been 
remarks made heie that a parapet on glams is supenoi to an ordinary paiapet as 
regards protection from fire As long as you begin to woilc at the top it is no matter 
whether it is en glams or whethei it is of a certain thickness, 20 feet, or 80 feet or 40 
feet I think it was Sir William Gordon who put the case well, when he compared a 
gun on a Moncneff carnage behind an earthen parapet to a gun behind a Bhield as 
regards exposure That is a fair comparison Now as to the vertical exposure, there 
(see PI, II fig 1) is the gun m the firing position, and there is the gun m the loading 
position Supposing the top of the parapet to he disintegrated by the first hour’s fire, 
which it oeitainly must bo, there is a veitical exposure of three feet six inches multi- 
plied by the length of the parapet That hears out what Colonel Jervois said m the 
last evening’s discussion Theiefore, it seems essential wheie an accurate fire of rifled 
guns may be expected (and we know how very aceuiate this fire is up to 1,000 
yards and further) that something must be done to protect the crest of tho paiapet 
A perpendicular revetment is necessary, in ordei to give proper cover to the gun and 
damage Pig. 2 PI II, shews approximately a construction affording this pro- 
tection, consisting of a revetment of masonry on brickwork, counter arched (so as to 
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give storage) and non plating to that poition of the superior slope which, according 
to our present expenence, would inevitably he cut away if unprotected Fig 3, PI II, 
shews the Newhaven bleach m elevation with two guns on Mononelf carnages , this 
I think, demonstrates the necessity for something beyond a mere pit, thus adding 
gieatly to the expense That bleach was made by one 7 -inch gun in two hours and 
a-half Of coulee, tlieie must be a co-efficient put in foi another battery filing at it 
At all events, the gun would be discoveied aftei a certain time, and when discoveied 
it would a fiend a veiy much laigei mark than a gun oidinanly mounted I think 
it is only due to Captain Moncnoffi and his system to say that this lesult can only he 
obtained when gunB aie filed from a rigid platform, and laid with gieat accuraoy I 
would oonclude by adding my testimony to that of eveiyhody else to the mechanical 
ingenuity and the great impoitanoe of the invention I only hope that Government 
will go a little faster than they have done in applying it to Iaiger guns, because it is 
to larger guns that, to my mind, the system ought to be applied. 

The Chairman It is the same with any gun ? 

Colonel Gallwey Just so , hut what I mean to say is this, that it is pccu 
liarly applicable m coast defences, and therefore to oui heaviest ordnanoe We have 
heaidfrom good authority — Captain Sclwyn amongst others — that when a ship is 
ooming into harbour hoi file cannot be very accurate in consequenoe of hei having 
to slow, and of hei having now-a-days to hunt about for torpedoes, and, therefore, I 
thmlc you may have these gunB in support of forts, like the forts at Portsmouth, m pits 
oi behind a hank without any piotection, relying on the inaccuracy of the fire fiom 
the ships But m land attaoliB, wheie you know j oui range and can fire as accurately 
as possible, the crest of the paiapet becomes damaged , you see the thing, and its 
specific value is all gone I think Colonel Pusley, and also Captain Selwyn, remarked 
that sand was excellent foi parapets So it Is— the host material you can get , but 
then, it should he remembered, you are obliged to make use of the material close at 
hand. Sand Is also exoellent foi foundations when incompressible The expenence 
of the Amencan works has been taken as an example of the excellence of sand. 
Now, the immunity enjoyed by Amencan woiks was entuely due to the fact that the 
Americans had not a fuse in their equipment that would huist m earth at moderate 
Tanges I saw tins at Fort Wagnei and other places Tho parapets at Fort Wagner 
and the celebrated bombpioofs were studded with unburst shells, simply because 
there was no fuse sensitive enough to huist in earth. 

Colonel Lennox, R E Colonel Gallw ey has shown us some very interesting dia- 
grams of the breaches made by heavy nfled guns in the Newhaven Battery, hut I think 
we should take into account what would he the condition of such a batteiy if it were 
armed not with guns on Moncneff carnages, but with guns on ordinary oarriages, Wa 
must compare the two Now, a battery exposed to such a file would have been shut up 
bodily if armed with guns not mounted on Moncneff cairiages I think also we 
should heai m mind that the breach shewn m Colonel Gallwey’s diagrams was made 
by guns that weie not being filed at , nonewereretuinmgthefiieat all, But thefaots 
of the case would leallybe, thatthesogunson Moncneff carnages aie only exposed for 
a few seconds, and are filed at by an enemy whose guns are constantly exposed through 
embrasures The guns on the ordinary carriage can be seen steadily the whole tune, 
and therefore the guns on Moncneff carriages would be much more likely to shut up 
til? gun firing at them fiom an embrasure batten , than guns firing from an embrasure 
battery would be to shut them up. The circumstances of tho two batteries are widely , 
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different It ia only a question as to which guns are best protected As long aa we have 
got the guns working theie Is little doubt in my mind that the Moncrioff guns must 
be much better protected than the otheis It is only a matter of which will last the 
longer , guns, whether on Moncrieff or ordinal y carnages, may bo disabled by a good 
shot, hut the gun on the Mononeff carnage will be exposed a shorter time, and theie- 
fore will last longer 

Major General Simmons, RE I am reluctant again to occupy the attention 
of the meeting, but aB no one else has risen, I -venture to oftei a few observa- 
tions with reference to the point that has been hi ought hefoie us by Colonel 
Gallwey I take it that those diagrams have special leferenee to land defences, and 
that they aie not applicable to sea defences, for reasons which I will explain here- 
after With reference to land defences, I think we may look fonvard to an adapta- 
tion of the Mononeff system 01 of some other system, so that the guns shall bo capable 
of being moved along the parapet , and I fully anticipate that a gun when once 
placed in a position will not remain always in that position, but that by being plaoed 
upon rails, or by somo other means, It will he capable of being moved along the 
parapet, so that it may appear at one moment at one place, and slioitly after at 
another Well, then, with regaid to those expenments at Newhaven they piove in- 
contestably that an eai then parapet, 25 feet thick, may be breached by 7 -inch guns at 
a certain range, but they do not piove the same thing with legardto a parapet of double 
or treble that thidltneBS That diagram (PI II, fig 1), which I have only seen since 
I came into the room, will explain what I mean If a shell ai lives in the position 
in wluoh it is there shown to have exploded, it will undoubtedly thiow a mass of 
material into the work , but if, instead of having six or eight foet of earth in front 
of it, it hod thirty or forty feet, it would not have had sufficient power to throw the 
earth into the work, but the force of its ohaige would have acted in tho direction of 
the line of least lesistonee, whioh is upwards, and the effect would have been similar 
to that of the old spherical shell which used to foim a small ciatei, tins being often 
filled by the crater from the next shell that lodged near the first one Well, then, 
with regaid to the superior slope of that paiapet, I think this is a subject which we 
shall have to attend to very closely We shall not give the slopes that we have been 
in the habit of giving, but we shall cairy our glao is up very muoh higher, so that 
they shall be in prolongation of the supenor slope, oi veiy nearly so By doing this 
we place before the Artillery an exceedingly difficult problem Unless they see the 
parapet and the work they are firing at they cannot ascertain their iange I can- 
not forget having witnessed some experiments at Shoeburyness m winch, with a 
screen hatteTy, the Artillery, knowing the range within fiftv yards, were scarcely 
able to hit the parapet of that battery at all, because they could not see whether their 
shot struck the parapet or the scieen, oi lodged m the space between the paiapet and 
the screen I think but of a large numbei of lounds with one of their best shooting 
guns, the 40-pounder, with the most experienced gunners at Shoeburyness, and the 
best shots in the regiment laying the gun, they could scarcely hit the parapet at alL 
Them aie gentlemen present who will bear me out m what I say with regard to that 
piactice, I do not see why we should not adopt the same system in our works of 
raising the glacis, keepmg the superior slope as flat as possible, so that the parapet 
shall he scarcely seen, and m some cases be even hid altogether, because ns the 
path of the shot uses all that you wont is the line of vision clear to enable you 
to lay your gun Well, then, to go on with the subject and apply Colonel Gallwey’s 
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reasoning to coast defences, I think here it bleaks down altogether I have taken the 
trouble since the last meeting to refer to the woik of a committee of which I was a 
member some years ago — the Aimstiong and Whitworth Committee— and I have 
made a note or two of thepiactice canied on by that committee, which Ithmk very 
instiuetive This piactice was earned on in April, 1864, with 12-pounders at targets 
nme feet square, with solid shot In those experiments the object was to get the 
relative accuiaey of the guns which were being tried competitively In order to 
attain that, it was ngieed after some discussion bv the two competitors that they 
should fire at targets nme feet equaio , that they weie to be allowed five rounds in 
order to ascertain the range, tho lesults of those five rounds not being legistered, 
and that, subsequently, five rounds should be registered, upon which was to bo deter- 
mined the relative accuiacy of then guns I should say that in order to attain 
acouiate praotioe during the five trial lounds they conected the deflections of their 
guns to seoonds, with as muoh accuiacy as a theodolite can be laid, These 
ooneotions weie made with the greatest care, under conditions which can never 
be realised on service , on each lound being fiied, the exaot spot where the shot fell 
was lepoited by the iange paity Now, I find on the lecords of those experiments 
that at 2U0 yards, 800 yards, 400 yaids, and 500 yards all the shot hit, at 600- 
yards theie was a miss , at 800 yards they all hit , at 900 yards there weie two 
misses , at 1,300 yards there weie eight misses out of the five rounds from oach of the 
three competitive guns The oonsequenoe was that we were obliged to abandon that 
method of testing the aoeuraoy of the guns, because, we could not assign a value to a 
miss Of oouise, one could not tell whcthei the shot just giazed the target or went 
ten, or twenty or fifty feet fiom it Out of a total of 120 lounds fired m that way 
there was only one bull’s eye If you will allow me I will read an extiaot fiom the 
report of tho committee I am anxious it should be olearly understood with what 
trouble we tried to attain acouiaoy with the guns , and I think I shall be able to 
show you the beaung it has upon the discussion in question The extraot from the 
committee’s loport which I wish to lead is as follows — “ It being exceedingly diffi- 
cult to employ taigets for piaotice at longei range than 900 yaids, of such dimensions 
as would catch all the shot, and thus ensuie a complete reoord of the praotioe , and it 
having been found impossible, on account of the difficulty of assigning an exact 
value to a miss, to make a comparison of the acouracy of the various guns without a 
reoord of the position of eveiy shot, the oommittee deoided to test the lelative ac- 
curacy of the guns by the same series of experiments by which their iange was deter 
mined. In these expeiiments, the guns were plaoed in battery as nearly as possible, 
under like conditions, and were laid by spirit level Tho position m whioh each shot 
fell on the sands was oarefully noted. The competitors were then allowed to strike 
out a percentage of tho shot fiom tho records, tho remainder of which formed a 
group These groups weie airanged iu parallelograms calculated upon the law of 
probabilities according to tho method usually adopted The oommittee, however, 
were not satisfied with this expression of the praotioe of the guns as a representation 
of their comparative aoouracy, but in order that their acouracy when tried at vertioal 
targets might be oompaied, tho oommittee, by a simple calculation sufficiently accurate 
for all practical purposes, based on the angle of descent of the projeotiles, transferred 
the positions at which the shot struok on the horizontal piano of the sands to a vertioal 
plane at the mean range of the group. By this moans the horizontal taiget wa3, as 
it were, oonveited into a veitioal target, on which the position of every shot was 
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recorded, and its radial distance ascertained from the centre of the group ” Now, 
we oonduoted some of that practioe -with 70-pounders, and the result is exceedingly 
instructive as to the probabilities of hitting the crest of a parapet I find that with 
no elevation the mean range of 20 rounds was 484 yards, the mean ladial distance 
14 inches I have roughly calculated what that 14 inches gave of mean hoiizontal 
error, and of mean vertical error I find that it gave a mean horizontal error of 1 1 
inches, and a mean vertical error of 8 Indies In the Bame manner, I find that with 
three degrees of elevation, and a mean range obtained from 80 rounds of 1,614 
yards, the mean radial distance was 68 inches, the mean horizontal error being 47 
inoheg, and the mean vertical error 49 inches At 1,805 yards, with 4° of eloi ation, 
SO rounds gave a mean radial distance of 89 inches, the mean horizontal error being 
S3 inohas, and the mean vertical error 83 inches, and so on At 7°, with a range of 
8,025 yards, 84 rounds gave a mean radial distance of 480 inches, the mean horizon- 
tal error being 71 inches, and the mean vertioal erroi 424 mohes I believe those 
figures are correot, but shall be very glad after they are In the shorthand writer's 
notes, if any gentleman will correot them I also find that if a shot he fired from 
a distance of 400 yards from the level of the sea, at a battery 80 feet above the 
water, the shot when it arrives at that battery will be still ascending, and it will 
therefore be impossible to Btnlte the superior slope of the battery at all. If it strikes 
the battery at all, it must strike the exterior slope It is still ascending 

This Chairman 'With full charges ? 

Major General Simmons with full charges, whioh is the condition under 
which ships fire at the batteries on shore 

Colonel Hutchinson What superior slope would that be ? 

Major General Simmons About I m 20 In the same manner, I find that at 
800 yards a shot fired at a battery 80 feet above the level of the water will be 
descending at an angle of about 1° 56', or about 1 m 29 £ That is a very moderate 
angle, and it must therefore strike very near the crest of the parapet m order to pro- 
duce any effect , and I doubt very muoh whethei, In tho case of well-rammed earth, 
if, falling at an angle of 1° 56', it would not defleet from it without penetrating at all 
If it was fired at 800 yards at a battery 120 feet above the water, the Bhot would he 
still ascending, and would not hit the superior slope at all At 1,600 yards, a shot 
fired at a parapet 80 feet above the level of the sea would descend towards it at nn 
angle of 3° 66', and if the superior slope were calculated at that height, to strike 
a ship at a distance of 200 yards from it, then that shot would strike that superior 
dope at an angle of 6° 47', or about 1 in 8, and would I believe if the earth were 
very well rammed, defleet from it, and not penetrate, because we know that it would 
deflect from water at that angle, and that earth ofEarmg a greater resistance than 
water will cause defleotlon at a higher angle Of course If the shot struck very near tho 
orest of the parapet, the resistance would not be sufficient to causo defleotion , hut this 
only points to the necessity of a material with greater resisting powers for a distance 
of a few feet from the orest I need not trouble you with all the figures I have hero 
but I have taken my oaloulations up to 8,000 yards, and found that at that range the' 
angle of the descending shot would he 8“ 52’ as fired at a battery 30 feet above the 
water, and would bo 8® 16' as fired at a battery 20 feet above the water. The pro- 
bability is that these shot would penetrate the earth, because they would strike it at 
an angle of 11° But I will ask any gentleman who has watched praotioe, espe- 
dally after what I have said with referenoe to accuracy of fire and vertioal deviation 
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what is the chance of a shot fired from nn unstable platform like the deck of a ship, 
striking a battery at 1,600 yards or 1,800 yards so near the crest as to do any injury 
to it ? I believe myself it would be absolutely throwing ammunition away to attempt 
it It must be remembered that Bhips of war are generally equipped with 100 or 120 
rounds of ammunition per gun, and that after an action they must still retain suffi- 
cient ammunition to fight their way home again , therefore, I believe, no offioer 
commanding a ship of war would be warranted in throwing away her ammunition at 
1,600 yards, on the chance of hitting within two or three feet of the crest of the 
battery, which is the only practical way of injuring it I think this is an important 
consideration, with reference to the Moncrieff gun I quite agree with Colonel 
Gallwey, that if a larger number of guns than there are in the defenoe can be estab 
hshed in batteries to attack a land front, the probability is that their superiority of 
fire will render it almost certain that the guns of the defence will be overcome, and 
then an ordinary parapet may be cut down But I do not think, with the experience 
of the present day, that one ought to calculate upon parapets only 26 feet thick , on 
the contrary, they ought to be made very much stronger, and proteoted in other 
ways , moreover an attack from the sea is a very different thing from an attaok 
on land I find that one of the principal considerations which determined the posi- 
tions of batteries, before the invention of rifled artillery, was the chance of hitting 
after ricochet Now this chance with rifled artillery is almost ml The flight of 
elongated shot after nooohet is so erratic, they cannot be depended upon at all But 
it will be interestmg to quote the opinion of one of our most experienced officers, Sir 
John Burgoyno, upon the chanoes of striking a coast battery, so far as they depend 
upon acourate elevation At that time, 1861, there was a double chance of hitting 
the battery by direct impaot, and after ricoohet He says, “ The precision required in 
judging distances, regulating the accurate amount of elevation, &o , may be said to 
be unattainable afloat, and especially when opposed to fire, so that, practically, the 
effective exposure on the battery would be trifling ” ifhat extract ib from a paper 
published in the Corps Papeis, having reference to the height at which batteries 
should be erected for coast defences, m which he speaks of the elevation of the 
battery exposed to fire. 

Well then, we have heard a good deal of the probabilities of hitting this 
Moncrieff gun as compared with the probabilities of hitting guns firing through 
embrasures Having glanced through the notes of the last meeting, I find I 
said that the vulnerable area of an embrasure may be taken at 27 feet. That 
was contested at the last meeting hut I think I have strong grounds for maintaining 
that opinion, and that we are perfectly warranted In considering a spaoe within 
one foot of the embrasure as vulnerable space. If a 12-inoh or 10-inch gun strike 
within that spaoe of twelve inches I suspect that a large number of fragments would 
pass Into the embrasuie There are Artillery officers present who will correot 
me if lam wrong, but I think, from what I have seen, that we may take twelve 
inches round the embrasure as vulnerable space, foi the purposes of my argu- 
ment Of oourse, each officer may have his own opinion on that point, hut I 
will go on with the reasoning which I will base upon It The line I would take 
is this A Moncrieff gun was fired the other day at Shoeburyness. I timed it my- 
self, and found that it was exposed for eight seconds during each round I think 
that is a minimum , the least time that we may oaloulafce upon , a cortain amount of 
time may be required to ooireot the laying of the gun, We may, therefore, increase 
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that minimum considerably , but In order to be well withm the mark I will put the 
time of exposure at twenty seconds, whioh may be taken as a maximum expression of 
the time that the gun will be exposed above the parapet Well, with the gun in its 
firing position, the area of the taiget exposed above the parapet to direct fii e, is about 
nine square feet If the late of fire bo about one lound m a minute and a half, it 
will be exposed for about one fifth of the whole time that the gun is in action If 
the rate of fire from other guns is about a lound in a minute and a half — and, I 
believe, when you take smoko into consideiation, it will not much exceed that — if 
you multiply the vulnerable area of an embrasure (27 feet) by 6, it will make a 
product of 136 to represent the exposure to direct fire of the gun firing through a 
muzzle pivoting embrasure, as compared with the other, whioh is nine square feet 
through one fifth of the period, in fact, the relative exposure to direct file of the two 
guns is as 9 to 135 Applying the same leasonmg to oblique firing, or taking the most 
objectionable position in which a gun can be fired at, viz , fiom abreast, the aiea of the 
gun is about 120 Theiefoie the comparative exposure will be as 120 to 136 But I think 
there is another point to bo claimed foi the Moncueff carnage, which is, that in the one 
case you have a permanent target upon which the guns may be laid, in the other you 
have the taiget only exposed for a veiy limited time Therefore, I think, the chances of 
being missed aie much moie la favoui of the Moncneff carriage Next, in consider- 
mg the application of the Moncneff coinage I will lefer to one oi two engineering 
points There has been a good deal said about the difficulty of loading the gun ; 
I think that difficulty may be got over It is a desirable point that we should all 
endeavour, iu adopting an invention of undoubted value, to assist the inventor m 
bringing it to the greatest perfection I think this difficulty may he got over by 
adopting the system tued with great sucoess at Shoebiuyness some time ago with a 
600 poundei, on an ordmaiy ttaveismg carnage, by bringing the gun always to the 
sams position to load If this be dono we may have opposite that position a con- 
trivance of the natuie of diam pipe, only not ououlai, laid mto the parapet m whioh 
the rammer and sponge may remain The gun being brought opposite to that pipe, 
the sponge or rammei can be passed down the gun readily, and af tei it has been loaded, 
thrown hack into the pipe, and remain theic until the next lound Then the 
gun pit being 12 feet deep, the shell recess oi shell magazine may be oiose under 
the same position, so that the shell may be passed mto the gun at once by some 
mechanical contrivance ananged at that point I had an idea at one time that the 
shot or shell might he laised by the recoil of the gun into the loading position , 
but 1 now doubt whethei that is practicable At any rate, a meohamoal oontii- 
vance maybe ananged which will peumt the loading to be earned on in that 
position, and theieby acceleiate the flie, the gun being very easily traversed, as was 
the 23 ton guu at Shoehuryness Then there is another position m which the 
Monerieffi oaruage will he of great use to engmeeis, and of gieat advantage to the 
public by reducing expenditure , that is, as a substitute for oupolas No doubt the 
oupola is a very clever invention, inasmuch as the gun is only exposed for a very short 
time whilst being filed , the cupola being then turned lound, the gun is not exposed 
during the process of loading But the onpola is as muoh open to the objection of 
injury fiom veitioal file as the Mononeffi carnage, ‘ 

Colonel Jervois No, no 

MAJOR General Simmons You can leply to that presently, it is very nearly as 
open to that objection, as the Monoueffi cairiage But the cupola has another great 
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disadvantage, and I think we saw that in some experiments that were lately oarried 
on at Gilklcker, when there weie great difficulties m bringing up tho shot from the ma- 
gazines with sufficient rapidity to load the gun. If the oupola is not large enough to 
contain an expense stoie of 25 roundb per gun the projectiles will have to he brought 
up through the axis of the oupola. I believe myself from what happened at Gil- 
kicker the other day that the process of bunging the shot up will retard the fire 
most sonously, and that if a MoncriefE gun be mounted within its recess it will be 
capable of being fired very much more rapidly than a gun in a cupola, and the ex- 
pense will probably be little more than one tenth of that of a cupola, I think that 
is a point for us, as engineers, to bear m mind when considering the relative advan- 
tages of the MoncriefE system. 

When the MoncriefE system is exposed to tho fire of ships it is veiy desirable, unless 
there is a very thick parapet indeed, or one that is well ooveied m front by a glams or 
other raised woik, that the paiapet should be made very solid, and of a good, sub- 
stantial, resisting material , and although I do not feel that apprehension which some 
others do as to tho ohanoes of the orest of the parapet being tipped by the shot, I 
should prefer having some hard eubstance in all cases near the wall that supports the 
interior of the parapet — concrete, or perhaps even iron concrete at the top — in order to 
throw the shot off Although I do not attach that importance to the effects of hori- 
zontal fire that otheis do, still, the object being to keep the guns intact, to keep them 
m action as long as possible, I should like to see some solid substance of that soi t 
placed for a few feet adjoining the Interior revetment of the parapet I do not know 
that I have anything more to say, and I apologise for detaining you so long. 

General Lefroy We are all of us rather apt in debate to use arguments that 
out both ways, and my friend General Simmons has made that mistake in this in- 
stance He lias taken an exceedingly liberal margin of vulnerability round the em- 
brasure of his iron fort, but apparently nono at all round the MoncriefE pit On* 
exactly the same principles on which ho makes tho area of his embrasure 27 square 
feet, whereas the actual opening is only 9, so the area of the Moncueff pit is increased 
from a diameter of 80 feet to 40 feet, that is from 700 to 1,800 equal a feet What 
ever it may be exactly, it is a veiy large margin, all the larger because dealing with 
a material so impressionable as earth instead of iron , and there can he no doubt 
that a shell falling on the margin of this earth a good many feet fiom the nominal 
crest will produce effects on the interior, when it would not do bo in a parallel case 
against iron. I should like to know what becomes of the earth displaced by 
these shells. Of course, it is blown in bushels into the work itself, clogging its 
mechanism There is nothing, it appears to me, so likely to disable the gun as 
to have a considerable quantity of well-iammed clay thrown into its delicate cogwork. 
A very small quantity would for a considerable time siiBpcnd the action, 
and it would lequire caieful cleaning to get it in order Theie is another 
consideration which I think is not quite kept in view m talking of piohabilltles I 
am not going into figures, for it is a difficult piohlem, and to be of any value, it must 
he woiked out with mathematical piecision on sound data, and the losults tabulated. 
It so happens that I have in my pocket an elaboiate calculation by Captain Haig, 
E A , which, m the original, has gone over a great many sheets of foolscap, to prove 
what the piobabilities of moitar file are m these cases , I will not, now, however, 
attempt to go into the question What I beg to observe is, that probabilities are not 
distinguishable from certainties if you only fire long enough We are talking of 
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firing five or ten rounds as at Shoebmyness, but you must multiply that by 60 or 60, 
and then where is your aeounty Wa must contemplate a whole circle of vessels, 
eaoh of them carrying 100 or 120 rounds of ammunition per gun, firing at the same 
object all day long, with nothing else to do In that case, the probability disappears , 
it virtually becomes a certainty that some shells will take effect, and the immunity 
of these pieces from the effeot of fire of that description disappears. I beg to say I 
am not here opposing the Moncileff system, I only oppose those extravagant claims 
which have been made for its immunity from the accidents and chances of Artillery 
fire It may he safer than something else,— I do not venture to say it is not , what I 
contend is, that it haB not that amount of seounty which will enable ua to fold out arms 
and thank Heaven we are now safe When you have got your guna into this position 
you will still not he free from a good many accidents that you are now liable to That 
la the whole of my argument I was present at those expei iments at Newhaven which 
Colonel Gallwey has refei led to, and, as ho says, we really met with extreme difficulty 
m ascertaining what was the amount of crater displaced by 10 lbs, or 16 lbs of powder 
bursting m a shell But we saw enough to make it appear that nothing m the world 
was so easy, — m faot it was an accepted axiom at that time, — that we oould cut down 
any parapet If you can cut down a six feet parapet, how much easier it would be 
to out down a twelve feet parapet ? It appears to me, beyond a doubt, that these 
eat then parapets of Captain Moncrleff would melt down and disappear, exposing the 
carnages behind them, if subjected to anything like a steady fire * 

Colonel Jervois, BE. I have only one or two remarks to make I was about to ob- 
serve to the same effect that General Lefroy has just done, on the remarkable difficulty 
that General Simmons finds m hitting the orest of a Moncueff gun pit, which is 22 feat 
long and 3 feet high, and the lemarkable facility with whioh he hits an embrasure 2 
feet 6 inches wide and 3 feet 11 inches high, when it is in iron I think the elaborate 
calculations made by him will apply to the one case as well as the other As regards 
the immunity from \ ertioal fire, which he considers to he possessed by the Moncueff 
gun pit, as compared with the tumt, it is only necessary to remark that the turret is 
covered over with iron, and may be covered with iron to any required extent, whilst 
the gunpit'has no cover at all overhead I should like to know if shell were to 
tumble upon the 22 feet area we aio speaking of, whether yon would not all rather 
prefer having iron over your head than being without it? As regards the employ- 
ment of a Moncueff gun-pit m preference to a turret, upon the ground of expense, 
where the Moncrieff system is applicable, tlieie cannot be two opinions There are, 
however, some cases in which it will be found still desirable to employ turrets not- 
withstanding the expense The observations made by General Simmons on the saving 
that oan be effected arc gathered from designs which have been prepared in the Forti- 
fication Department, and I think he has taken a very ooirect view as regards the 
economy which may be effected by them. One other remark, as regards the saving 


* It Is hoped that Captain Unlg x\ ill extend and publish his calculations Ho found from the 
result of 00 rounds of a IS Inch mortar, flred on land, that the probability of stl Iking any ono of 
five circles, of eleven yards diameter, grouped round a centre point, which Is a point of mean 1m- 
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of expense that may in some cases be effected by the employment of MonoiiofE gun 
pits instead of turrets I did not quite gather from the remarks of General Simmons 
with regard to the point started by Colonel Qallwey, what in his opinion is the pre 
else construction of a paiapet that lie rocommends to meet the difficulties suggested 
by the latter officer Ho said that if the paiapet is prolonged to the glacis beyond it 
the difficulty is met I do not admit that that is so The eiest lemains the same, 
and the work must be strengthened by material of some moie expensive character 
than that which he advocates the use of It appears to me that the ontioism started 
by Colonel Qallwey deserves full consideration 

Lieutenant Ardagh, HE I should like to allude to one portion of the mechanism 
of the Moncrieff carnage, whioh has not perhaps, been sufficiently notioed. If a 
mass of matter receives a blow in a direction not passing through its centre of gra- 
vity, that blow will produce a combined motion of rotation and translation, and for 
each subsequent position of the mass, there exists a point called the instantaneous 
centre of rotation, around which the particles of the mass at that moment revolve 
To represent the oarriage in its simplest form, we will suppose that the vertical 
diameter of this circle is the perpendicular let fall from the centre of the trunnions 
of tho gun to the point of support of the rocking carnage when the gun is in its 
highest position , and that the weights of the gun and counterpoise are equal, and 
are concentrated at the opposite extremities of this diameter If an impact be com- 
municated to this structure m a line tangential to the circle at its highest point, the 
tangent at its lowest point will he the locus of the instantaneous centre of rotation, 
and the circle will roll along the plane without any tendency to slip In this lies 
the great beauty of the invention The stud and rack arrangement on the ourve of 
the oarriage has piaotically no horizontal strain upon it suoh as that of the reooil 
on an ordinary piatfoim, and it is only needed to give steadiness to the motion If 
the gun were fired on the smoothest ice, it would haidly move from its position, so 
small is the horizontal stiam 

COLONEL Gallwey Supposing a gun on the Moncrieff carnage was fired with 
reduoed charges to produce curved fire, would it recoil 1 I know that tho seivioe 
ohaige of a 7-inoh breach-loading gun used to be II lbs , and the reduoed charge to 
produce curved fire was 3 lbs 

General Lefboy It could be worked down If the lecoll does not take it under 
cover it can he worked down with great rapidity 

Lieut Colonel High, It E It appears to me that the whole mistake of this dis- 
cussion is, that we are comparing the Moncrieff carnage with other apparatus to 
whioh it is not at all, and ought not, to be compared , that is to say, we should not 
compare this invention with casemates, which have protection from vertioal fire. 
The Moncrieff oarriage has no protection from above, and therefore it is not a fair 
comparison It has also been compared with the cupola. We muBt admit that 
where it takes the place of the barbette gun, theie is no doubt as to its very great 
advantage m every respect , and I do not think anything has been advanced against 
it when used m that way, Agam, when it gets rid of the embrazure, whioh it will m 
many of the ooast defences, it gats rid of one of the great difficulties wa ha ve all met 
With m the repair of works, not only by the damage done by the enemy, hut 
from the damage done by our own firing Therefore, it is In that respect of inesti- 
mable value As regards destroying the pit, which has been urged as easy by Colonel 
Gallwey, and urged as impossible by General Simmons, I think both are perhaps 
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equally wide in their error 1 believe if this gun is put as a coast defence, 
not behind a paiapet at all, but if the whole paiapet is merely the surface of 
the ground ordinarily smooth, hke a glaois, it will be found almost lmpiaeti- 
cable to hit the interior croBt, just at the place fiom whence those bushels of 
eaith are to be driven into the cog maohmeiy , and even if a little earth is blown 
into the cog machinery, I doubt its interfering at all, or more than a veiy 
little, with the movement If the gun is put behind a glacis of that kind, it 
will be impracticable to blow in the mterioi crest, foi this leason It is allowed 
that if the artilleiy cannot see wlieie then Bhot diop, so as to be able to 
correot their fire, their flie becomes veiy lame indeed, and if it is behind a glacis of 
unlimited extent, say fiom 100 feet to 200 feet, they will not know whethei their shot 
drop within 10 feet or 50 feet of the gun, and they will not be able to coirect their 
fire, and the consequence is this interior crest will in all piobability remain undamaged 
I presume that it is not intended to be made of loose eaith, because in that caso, the 
very movement of the men serving the gun would crumble it down Thcie must be 
some revetment on the inside to keep it in its proper place If we take it under 
these conditions, it appears to me an invention of gieat value, and of gieat service to 
us, but not one to supplant casemates, or iron shields, or cupolas, which are all of 
great value m their respective places 

OAPTAIN Marsh, R E There appears to be a point m the application of this sys- 
tem as regards the weight of the whole structuie We have only the 7-ton gun, and 
that with oamage and platform is admitted to weigh about 26 tons Directly Capt 
MoncriefE was challenged to do so, he'fltted that gun up, and it is a complete success 
as regards artillery practice It has been aigued that such a gun might possibly 
move laterally along tho parapet It may be fairly said that the laigei guns will 
not, but that they will be stationary , therefore, they must be subjected to all the 
acouracy of fire that can be brought to bear upon them I think we may assume 
that the 7-ton guns and the guns above that weight will not be moveable, but 
will be fixtures. But to my mind the application of this system is much more im- 
portant to guns below 7 tons, The effect of the whole recoil being absorbed by 
the gun carriage itself, lenders it veiy moveable indeed Taking tbe 40-pdr as a 
type of the siege gun, which weighs about 82 owt , we then have about 6 to 7 tons for 
the whole apparatus, the weight of an ordinary locomotive to move it being from 10 to 
1 2 tons I conceive there will be no difficulty whatever m laying the rads in an enfilade 
battery, so as to enable a Moneneff mounted gun to fii e from different points within 
an are of 60 yards in length at a distance of 600 yards, so as to enfilade a face of a 
bastion every time, That is why I think it brings the attack up to the level of what 
it was befoie The immense advantage of position that will be given by the use of 
the Moncrleff gun more than counterbalances the action of such guns in the defenoe, 
I certainly think the use of guns of the type of the 40-pdr in the defence of the land 
works will he of immense service. The object will be to fight such guns m battery, 
to concentrate a heavy fire on any point of great annoyanoe, and then disperse the 
guns again I believe that will be quite feasible, and highly advantageous to the 
defence I should like to make one lemark as regards the gun of position At tho 
present tune it has been stated with very great weight, that there will be no gun of 
position upon which the MonoriefE principle will be applied I cannot understand 
that, I think the veiy faot of the Mononeff principle undertaking to give a gun the 
power to rise up from two to three feet if required, and to do that without any strain 
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or material destiuotive foioe upon tho carnage itself, la dead against such an assei 
tion I tlnnk if the principle is adapted to the field gun, it opens a vei y laige range 
of ground which has pieviously lieen consideied unfit foi the action of aitilloiy alto 
gethei T ike the case of the 12-pdi foi instance, which weighs some 8 01 9 cwh 
When Captain Moncneff comes to deal with that gun, ho has only got to lestiam it 
m the lowei position until it is necessary to elevate it I believe he will do that in 
some way without adding a pound weight to the gun, and that it can he then either 
elevated if requited, 01 alwaj s Ij mg at the usual height of thiee feet 01 thereabouts 
I cannot, theicfoie, but think that Captain Honciieff hns hcictofore been in a posi- 
tion of gieat difficulty He has had to concenhate the whole of his invention into 
one type, m oidei to get it fnnlj tested 01 consideied That is a position of gieat 
difficulty, and we ought all to hope that he may soon have a much widei field and 
much gieatei assistance in mteipretmg and applying his invention I may mention 
my conviction that those laige guns of seven tons and upwaids will never be applied 
m then present form I think the moment we look at that enoimous lateral surface 
which was stated to be So squaie feet, wliioh is composed of a continued structure, 
we see that the pimciple tlieie, of Captain Moncnefl’b invention, is a series of beau- 
tifully applied levels, caiiymg a great weight m then arms as a counterbalance , and 
I thmk in practice, when it is decided that those guns are immoveable, so to speak, 
from a cei tam oirele, that the weight will he at once detached and put underneath in a 
pit , that it will oarry with it tho wmoh and vnnous other things that have to control 
that weight, and that then there will be nothing lett but a skeloton of the gioat 
arms and levels of that carnage, and it will stand up, so to speak, in a naked con- 
dition The whole weight will go below, and then it will appeal in a much moie 
favouiable form Captain Moncnefl: mentioned at one of the meetings, that he had 
considered this question of detaching the counteibalance, and I believe that will be 
the eventual application of the system to these heuvy guns 

Lieut Colonll Hutchinson, EE I should like to ask General Simmons one 
question about what be said Ho alluded to the difficulty of cutting down tho ci est 
of a parapot, if made with a veiy gentle slope I do not know whether he applied 
that lemaik to land defences, 01 only to sea hattenes, because if' applied to land 
defences, it would, of comae, at once do away with musketry file on the coveied way 

Major General Simmons I have been considenng the subject specially with 
with leference to sea defences If you airange the suponoi slope of a battoiy at a 
height of 30 feet above the sea, to strike the watei at a distance of 200 jaids, it 
would requite a Blopo of 1 in 20 If a batteiy weie 120 feet above the sea, and ar- 
ranged foi the guns to strike the level of the sea at 400 yards, a supenoi slope of 1 
in 10 would bo nccessaiy But with lefeienoe to land defences, adopting the pimciple 
of the screen batteiy, you will ceitainly lose your musketiy file fiom the mam work 
on the giound in fiont, and you will piobably have to piovide for it by means of a 
eoveied way, unless you can obtain it by a flanking flie 

COLONEL Gallwey I have only one woid to soy with legaid to General 
Simmons’s lomarhs It is a fact that that breach was not made by Shoeburyness 
gunners, but by a detachment of gunners fiom Dover, who had never seen o rifled 
gun before I believe, and the gun was by no means a favounte with many people. 

MAJOR general Simmons It was the 110-pounder, 

Colonel Gallwey But a moi e magnificent shell gun peihaps was never known, 
certainly not up to that tune The bleach shewn in the sketch was made by it. Its 
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shells, containing 8 lbs buistmg charge, toie thiough a 25 feet pm ape t in two hours 
and a half, with an expenditure of 70 shells, of winch ono fourth were blind Now, 
if wo are not guided by experiments like this, what nie we to look to ? The fact is 
we novel see shells bursting Those blind shells, which weie fired ncai and about the 
parapets at Shoeburyness, teach nothing at all , but if they had been full of powder 
hey would have told a very different tale 

Admiral Sir Frederick Grey There is ono question I should like to ask Onpt. 
M arsh As to the advantage of being able to move these guns, does that apply to 
an ordinary woilt ? I believe the usual practice has been, on the recommendations of 
committees in 1858 and 1861, to mount gunB in pairs, with tiaverses between I pie- 
sume upon any point of attaolc a work would he fully armed I am at a loss, there- 
fore, to understand what would be gained by being able to move a gun along a line 
of defenoe which ib already fully aimed, or how guns can be moved along without 
giving up the protection of the tiaverses, which arc there already, and which have 
been thought necessary hitherto 

The Chairman Captain Marsh, did you allude more to the attack or to the 
defence t 

Captain Marsh I meant the attack and defence 
Admiral Grey I beg yonr pardon , I misundei stood yon 
Major General Simmons I think, with leferenoe to the question put by Sir 
Frederick Grey, one may say this, that granting that the front that is attacked is fully 
armed with guns flung through embrasures, and is traversed between every two guns, 
the probability is, that as no attack would he undei taken without a preponderance of 


Admiral Sir Frederick Grey Geneial Simmons lias entirely misunderstood 
what I said, I made no comparison between the Mononeff gun and embinsurefl, I 
asked a simple question, believing it had been recommended to move guns along a 
line of defence Xonly asked bow that was piacticable , but I neier went into the 
question of comparing guns filed thiough embiasuice with the Mononeff guns I 
did not see, and I am not yet mfoimed, how you piopose to move the guns from one 
part of the line to the other if you have traverses between them One woid more 
1 at once say that I misapprehended what Captain Maisli said I thought this system 
of moving the guns was considered to be applicable to the defence as well as to the 



MONCRIEFl’s SYSTEM OF WORKING ARTILLERY 


Captain Marsh So I meant I tlunk it la very applicable to the defence as 
well as to the attack I think the whole arrangement of traverses must bemodlfied 
In the defence of land woika it maybe considered whether the guns shall not remain 
in a totally different position, and then be brought out and massed in batteries 
where requileci 

Colonel Jebvois You do away with lonnd pits then ? 

Captain Marsh Entuely The French have always attached great impor 
tance to the mobility of then aitilleiy in a foitress It has been argued by das 
tinguished French offioeis, that nothing should be immovable except the ditch and 
its defences , that everything else should be consideied movable, and capable of 
being dealt with according to the dev clopment of the attaolc 

Colonel Chesnly As I was the fiist peison to introduce the subject of " guns 
of position,” let me say that I did it of apuipose, because I believe thero aie no 
worse enemies to the Monciieff system than those who would extend it to any opera 
tion of war to which it has no application whatever You must stop somewhere in 
using so peculiar a Bystem as this is It is quite evident no one will apply it to a 
pocket pistol, 01 to a hi each loader foi shooting paitridgcs , and I would add, that 
taking into consideration the piactical difficulties in war, where you have to move 
guns f 1 equently ovei great distances, there can never be any possible instance m 
which the Mononeff system, which mcieases gieatly the weight of the carnage, will 
be of sufficient value to make up foi the gieat extra trouble which it will give you 
In the attaok of a foitification, you always have to propare the ground over which 
you have to move youi guns, and you have probably some sort of meohamcal means 
by whioh to move them to then proper places In wai, yon must take the ground 
rough as it is, and you veiy laiely can have any means but the simple labour of 
hoises, supplemented moie or less by that, in some cases, of men That being the 
case, and as far as we know of the system, one of its principle features being cer 
tamly to increase greatly the weight of tlio carnage, and it also being a fact that 
although nations have been prepaimg guns of position foi centimes past, they have 
seldom used them , (foi example, in oui own last gieat continental campaign, when 
we had prepared a batteiy of that kind, we left it thuty five miles off the fiold of 
battle, became it was too troublesome to bring up) , taking these joint conditions 
into consideiation, it is not probable, although perhaps it may by Borne be supposed 
within the range of possibility , that this sy stem will he appliod to any Buch operations 
as those of the open field Having said thus much on a special point, I will add, 
that Ido think it is the feeling of all hcie that tins discussion should now be brought 
to some kind of a close Weio it m ordei for some one to move a simple resolution 
to the geneial efleot, — “ That the MoncuefE system has introduced a new punoiple 
11 into fortification, which is lvoithy the attention of all who have to erect fortificn- 
“ tions and all who have to attack them,” — I believe suoh a resolution would meet 
with the approval of a laige majonty of those who have attended this and the 
former meetings 

Tub Chairman I do not think it is in our place to move such a resolution We 
meet simply as a ooi jis to discuss these questions We have been favoured by the 
presence of ft number of guests, Artillerists and others, but I do not think it is Our 
plaoe to move a resolution 

Colonel Ohesn by I sit down corrected I only thought it necesstuy to bring 
the discussion to a close in some formal manner. 
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Captain SELWYN, R N May 1 aslc a question of Colonel Gnllwey foi Informa- 
tion ng a naval officei 1 Is it not generally supposed tint we hme only to calculate 
and prepale the line of least resistance, m Older to canse the upwaid bunting of tlio 
shell to take place in any diieotion no please , that it is a Matter of the resistance 
being least in the line in which we wish the shell should form its ciatei 1 

Colonel Gallwey I do not quite undeistand the question put What I wished 
to pomt out was that the action of an old spherical shell falling m. cni th and burst- 
ing nftci a Bhort tune, produces a a eiy different effect fiom what I saw it Newhayen, 
where the shell burst outs passage through the parapet, blowing away the earth 
I nevei saw such an effect produced with sphei ical shells 

Captain Selwyn How fai did it penotiatc ? 

Colonel Gallwey About G oi 7 foet befoie bursting 

The Chairman What was the range ? 

Colonel Gallwey 10G0 yaids The old idea was that the earth would be 
tossed here and there, but not altogether got ud of, and such would pi oh ibly bo the 
ease if the flte weie directed at the extoi toi west and slope The plan adopted by 
the committee of filing at and near the interior oiost realised a very diffeient effect, 
as, if I remembei rightly, the fiibt ten shells pioduced a breach 12 feet wide, m addi- 
tion to the damage done by the many fragments of the shell carrying destiuction 
Into the woik 

Captain Welwyn, EH With my senior officei ’s pm mission I should like to be 
allowed to oontmue the remarks that I made at a former meeting, with refeienee to 
the naval question as it appeal 3 to us Fir-,t of all tlio navy feels veiy stiongly all 
these delays Oui ships are being built with lcfcienos to existing forms of oaruages 
and existing methods of laistng and loweuug gnus, and carrying them, and it is 
quite possible that as soon as attentiou is turned to the development of this principle, 
the piesent foims may be altered I do not regai d this punciple as necessarily to lia 
earned out by the use of weight, with which it lias nothing eaithly to do Weight 
is only one foun of powei that is applied to counterpoise the leooil of a gun Theie 
are many othei forms of power besides this which will come m in their proper place 
We are waiting for ah this, and we do hope that there will not be any unnecessary 
delay, oi confounding of parsimony with eoonomy , and that although the experi- 
mental vote is out down ftorn £12,000 to £2,000, pel annum, it -will not be allowed to 
mterfeie so much with all expenments that we shall do c\ei thing m the wrong way 
for want of money to he spent in expeumentmg With l egard to the modes of attaok 
which have been lefeued to, those are points which a naval officer may he fairly 
permitted to take an Interest in X took the pains to go and look at a seiy excellent 
model whioh we have in the United Service Institution, of the haihoui of Plymouth, 
and X saw theie an entirely vulneiable point of attack, fiom which the dockyaid oan 
be sat in flames from beyond Kamo Head without going near the laiger forts at all, 
There Is only one small foit near theie If a Monci left gun pit weie established at 
that spot, even as inefficiently ns at Shoebuiyness, no n on-clad would dare to go m 
where her deek would be exposed to shot fiom Kame Head, If on a long line of 
exposed sea-beaoh, where an attack might he appiehendod, a iailway be made with 
the power of shunting common to all lailw ays, and which consequently may be made 
to take a gun between the travel ses, as well as m any ether direction, if on that line 
of defeuce we never know where to expect a gun, most undoubtedly, that gun 
becomes very formidable It may not be advisable to saerifleo many guns to arm 
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the whole woik, yet I think one 01 tw o guns may he made very efficient and very 
formidable to a \ossel approaching I was am prised to see m the papei that Lieu- 
tenant Ai dagk 1 ead, tli it lie thinks the gun pits vv ill tost as much as a M artello tower 
Tf anybody will take the tower out of the ditch of a Maitello towel, and give me 
that for a gun-pit, I should be extiemely well satisfied , but I conceive the Maitello 
tower must have cost something to put it theie There aie known to this govern 
ment methods of attack to which all foits situated neai the watei 'sedge aie specially 
liable, and against which they have no defence, which lequue neither ships, shot, 
noi guns , and yet which will lendei the foits entirely untenable This has become 
mattei of notoriety It has been foi a long time m the hands of the government , 
and I do say that these things, however they may be snppiebsed foi a tune, in obe- 
dienoe to the policy which mles the nation, ought not to he ignored m preparing 
our defences 

The Chairman It it about time we should break off foi the night I do not 
know that theie will be any use in having anothei discussion upon this subject, at all 
events, not for the piosent I think we have olicited many opinions, and rather 
varied ones, upon this topic, and that wc all know so much of it that it is not expe- 
dient we should continue the subjeot by naming another meeting for it, unlees some- 
thing more is likely to he elicited I do not know whethei gentlemen agree with mo, 
but this is my opinion (Heai, hear ) We aie veiy muoh obliged to all the officers 
of the Navy and Aitilleiy foi then piescnee and lemarka 
Admiral Sir Frederick Grey Peiliaps, on the part of the strangeis who have 
come heie, I may express om thankB for the gieat kindness with wluoh we have been 
leoeived, in being allowed to bo present at this discussion and to expiess our opinions. 


PAPER II. 

DEMOLITION OE THE IRON PADDLE-WHEEL 
STEAMER "FOYLE” 

Et LIEUT JEKYLL, ROYAL ENGINEERS 

The Fojle was sunk in the year 1866 in the Thames, about two miles below 
Woolwich, by having been inn into by another steamei She went down at a dis- 
tance of 150 yaids fiom the Essex shoro, and rested on a hank of haid mud (see 
PI X) She was laden with a coigo of bacon, hams, butter, and similar ai tides 
from Ireland, 

Soon after the occunence attempts weio made to laise her; but, being con- 
ducted on too small a scale, they proved fruitless. After this, a considerable 
tune was peimitted to elapse before endeavours to lift her weie renewed, ^and 
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when opeiations weie commenced in earnest it was found that the ship’s back 
was broken amidships It was, however, decided to continue the woiks, and, 
if possible, raise the two pieces separately 

For this puipose diveis weie engaged, who succeeded after some timo in 
passing chains undei her bottom at seveial places A number of Inigo lighters 
weie then brought down, and the ends of the chains on both sides ot the ship 
were seoiued to them, and hove tight at low watci By this moans, the using 
tide, floating up the lighters, bi ought a gicat lifting strain upon the chains 

When a lifting power of 1,000 tons had in this way been gained, the chains 
gave way, it was then consideiod impossible to raiso the ship by this means, 
as the largest chains that could be piocmcd had born bioken w ithout apparently 
moving her at all 

As it was now obviously impossible to save the ship, woikmen were employed 
m cutting away all paits of hoi that weie within leach, and in lemoving ns 
much as possible of the macbineiy A good many of the biass pipes were 
disconnected and brought up at low watei, but none of the massive puts of the 
engines could be moved Befoio condemning the ship to be broken up, an 
attempt was made to lift out the engines and boileis For this puipose, the 
laige beams which held down the latter were cut through and removed, and 
lifting powei was brought to beai, but they weie so fiimly secuied to the 
bottom that the chains were again broken. 

The wreck being a conbideiable obstruction to navigation and a constant 
source of expense, the Thames Conseivaney Boaid lesolved to blow her up, as 
being the easiest and cheapest way of getting nd of hei They atcordingly 
piooured suitable povvdei cases, and began bj sinking two ohai ges of 120 lbs 
of powdei in the aftei-hold of the vessel One ot the cliaiges got wet, and 
the other, fired with Bickford’s fuze, did veiy little execution, meiely blowing 
off a portion of the dock, and making a hole in the stai boaid qu niter Per- 
ceiving from this result that destitution of the ship was by no means easy, 
the Boaid applied to the Wai Office to have the woik earned out by the Rojol 
Engineeis 

On the 18th May, 1868, a paity, consisting of one officei, one sergeant, and fivo 
Sappers, was despatched fiom Chatham, taking with them two complete sets of 
diving appaiatus (Siebe’s divmg dresses) and oloctncal geai for firing chniges 
under watei, consisting of a factional machine, a small galvanic battery and 
galvanometer foi testing, a quantity of insulated wire, and other stoics of a 
similar natuie, these were taken to the wharf at Woolwich, and from thence 
transported to one of the hghteis, which were mooied to indicate the position 
of the wieck. 

The party was accompanied by the Admiralty diver at Chatham Dockyard 

The next day an examination ot the wreck was made at low water, and 
the diver went down to asceitam the state of hei bottom, and of the mud 
At low watei, the deck fiom the hieak amidships to the bow was neatly all 
uncovered , towai ds the stern, however, the ship appeared to have sunk more , still 
she remained quite npught, and it was said that at dead low water spring tides, 
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tho level of the deck was visible nil louud The bulwnika hid boon cut awnj 
On sounding lound lici sides, it Mas found tbit she had sunk veiy little into 
the mud, and tluit the inn ot the stiong tido had scound a channel on each sido 
ot her, laising tho mud so icmoved into a mound a shoit distnncu from each 
side (ude PI II , Fig 3) 

Tho dner went down opposite tho engines on tho stmboaid side, and walked 
fiom thenec both towaids head and stein lie found tho bottom quite bard and 
fieo flora obstiuction, with tho exception of huge lumps ol peat, which were 
scattered about at tho bottom IIo found the chains at intei vals which had 
been used in attempting to inise the ship On the following day he dried on 
the port side, finding tho same chains as tbo day befoio coming undei the ship’s 
bottom , the grouud was smoother than on the other side 

In this part of the Thames diving is a matter of gi eat difficulty, for, owing to 
tha discolouration of the vvatei, it is peifectly daih at the bottom, and all woik 
has to he done by feeling alone In addition to this, tho tides run so stiong at 
this particulai spot that the time during whioh a divei can work is 1 educed to 
two horns at the outside. 

As the ship lay to a ceitain extent noioss the cunent ono side was always 
tolerably sheltered fiom its force, so that the divei always woiked on tho star- 
board side with the ebb tide, and the poit side with the flood 

The 1 esul t of the examination showed that tho ship was pei teetly sound, with the 
exception of the bieak and the hole in the stai board quaitei, caused by tho first ex- 
plosion She was somewhat old, having been built in 1 848 (at Gi eenock), hut very 
strong. She was constiucted entiiely of 4-moh non plates, uveted, and sup- 
posed internally by angle irons at intervals of 2 feet, throughout her entire 
length Thero weie two strong bulkheads, one forward of the engines, and the 
othei abaft tho boileis , tho contic of tho ship was moreovoi stiengthened with 
box girders 18 inches squaie, eiossing fiom side to side, and secuied as well to 
longitudinal gudcis of the same descnption, but of smalloi size 

The standing pait of tho ongmes was seouicd to these gilders, and to similar 
girdeis at the bottom, and consisted of heavy cast-noil beams and cross pieces, 
to which weie secured cap squaies, sockets, &o ,&o ,to receive the moving paits 
of tha engines. Being a paddle steamer, the engines wore of course double, 
with osoillating cylmdeis 

Both tho foie and after parts of the ship were neatly full of fine soft mud, 
which had been held in suspension, and deposited by tho water 

The Thames Conseivancy Board requested that the after port only might be 
deshoyed, as they were confident of being able to lift the foie pait eutue, pro- 
vided the keel was broken tlnough 

The plan for bieaking up the after part was, to place 6 charges of 300 lbs of 
powdei each, in pairs, one of each pair being on either side The charges wero 
all to be placed outside, and as low as possible , they were to be scoured to the 
chains winch were already under the ship’s bottom 
For such large charges as 300 lbs , it was necessary to provide special caees. 
One of these is shewn m PI II , Fig 4, 6 and 6 It was 38 inches long, 24 inches 
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jh diameter, cylindncal, and made of vinuh boiler plate, live tod I'ho top 
came ott cnlne, bung held down by a munlim. of nuts ami smews louud the 
edge, with ail india uibbu Masha to hi qi it watoi tight. In the een tie of the 
top was the tube, through winch (lie insulated wnes pissed out iuuu the fuze , 
it was made of thin sheet non 1 * nidi dmmotu, and bell mouthed, sous not 
to eh ife the insulation of the cable The mmufactiuer msoited the tube into 
a small plate 8 melius duimotci, winch was subsequent!,) scunved down with an 
india rubber wastici , but this auangeincnt was an unnecessary complication. 
Two stout bands passed lound the oftso at top and bottom each siippoitmg a 
ring. A chain shackled between those rings alluded tho means of mooiing 
tho charge 

The chaige itself, containing two Abel’s hues, wis held in a mlcatiued india 
ruhbei hag, of the form proposed by Captain Stew' u d, R E , and sealed up with 
ltidia rubber solution, so as to bo peifectly wntet-tight It was then deposited 
in the iron case, whidi was sealed up at the mouth with pitch, tallow, and 
bees’ was., and was thus piobnbly also watei-tiglit Thus, a double security 
against leakage was obtained, the necessity for which was subsequently apparent. 

A charge complete weighed as follows — 

cwt <ii lbs 


Iron Case ... . 3 1 15 

Powder .... 2 3 20 

Bag ... 005 

Total .. . . 5 0 12 


The chaiges weie all loaded in the second lightei, which was not used foi 
anything else, and m which theie was no fiio , tho pitch, when lequued hot, 
was heated in the othei lightei and biought over A chaigo could bo loaded 
by two men in an bom 

To lift tho heavy coses out of the lightei, a pair of sheers was ligged with 
two 40-feet poles, and a double block taokle An anchor boat, piovidod with a 
crane at hei bow, was used in lowenng the charges oveihoaid Anothoi boat 
of about the samo size contained the diving paity, with then pumps and othoi 
apparatus , and a small boat was devoted to the elcctucians Much trouble 
was saved by keeping thorn all separate Whoa ch aiges had been loweied, 
the testing and filing weie done fiom one of the lighters 

On the 17th June, preparations weie made to lodge the first pan of charges 
These were A and B (PI II ,Fig 2 ) A small chain was found by the diver, first 
on the stathoai'd side, and afterwards, recognized by its size, on the poit-side. 
The ends of this chain did not pass up the sides of the ship, and on to tho 
deck, hut lay on the suifaco of the mud It was mfened, that like all the lest, 
this chain passed undei the bottom m a duection peipendicular to the keel, and 
it was not until tho charges had been fired that Buch was discovered not to he 
the oose. The two charges weie consequently not opposite, A was by the side 
of the boilers, and B by the engines 

The charges weie mooted in the following mannei — 

The diver, at low water, attached a snatch block to the chain on each side of 
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the slnp IIo lashed the blocks as close to too mud as possible \ 2-mcli ropa 
having- been picviously ioi e tluough tho blook, the two ends weie seemed to a 
buoy Apowdoi case was then bi ought off fiomtho loading lightei, in tho anchor 
boat, and tho contt o ling of its cliam tied to one end of tho 2-mcli ropo by 
hauling on the other end, the cliaigo was brought to its piopei place The 
divoi next went down and lashed it to the chain, at tho same time, releasing 
the block by means of which it had boon hauled down The same an alignment 
was then earned out on the othei side 
Tho time of slack wator was just sufficient to enablo two cliaiges to be pro- 
perly lodged 

The electncal connections wero then, made From each oaso two wncs 
proceeded, from A tho lino wire leading to the lighter, and a piece about 20 
yaids in length hiought up on deck, and fiom B a shoit piece going to eaith, 
and a length of 20 yards also on tho dock The two 20 yard lengths weie con- 
nected with an insulated joint, which oompletod the connootions Thoie were 
foul fuves m circuit Tho line who was stapled down to the deck, as fai as 
possible, and then stoppeicd to a stiong rope so as to take all strain off it, foi 
on one occasion n stiong cable was broken by the more foice of the tide 

The first attempt to get down the chaiges A and B was unsuccessful , the 
clocks had been lashed, and the ends of the lopes buoyed at low watei, but as 
there was then no time to seeuie the charges, this was loft till high, watei 
The chaiges were about 150 lbs liglitoi than their own bulk of watei, 
and consequently had consideiablo buoyancy, so that m hauling down A, the 
upwaid stiam on the chain was sufficiently gieat to pull a ceitain length of it 
tluough, under the ship’s bottom, and when the divei went down to lash the 
ohargo he found tlio blook, not whore he had lashed it on tho mud level, hut half 
way up the ship’s side It was useless to fiio tho charge in this position, and 
impossible to put it light in time oi to get the otlioi down, so it was hauled 
up again, and kept until low watei in the evening 

At tho second attempt tho chain was fiist seemed fiom slipping, and the 
blocks lashed afiesli Tho cliaiges weie then lodged at low water early on tho 
following morning (19tli) 

At high water (1pm) prepaiations weie made foi firing, and tho cable 
tested for insulation The galvanometer indicated a considoi able leak, which 
was, howevei, stopped by generating hydrogen in the leak with tho galvanic 
battery, by the decomposition of watei at that spot Tho fi lotional machine 
was used foi filing, and the explosion took plaoe veiy satisfactory Veiy little 
distai banco appealed on tho surface, owing to the depth of watei, 37 feet, but 
quantities of timbers floated up, ancl much mud 

The effects of the explosion weie examined at low water At A a bieaoli was 
found in the bottom, extending foi 20 feet, at the level of the mud, and leach- 
ing to the gunwale m the form of a rent. Tho lion plates wore much torn and 
jagged, and whole lows of nvets knocked out at some distance Ckaige B had 
not exploded ; there must have been a leak m the cable between the two 
chaiges, forming an eaith by which the our lent returned to tho batteiy without 

k 
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leaching the second cliaigc Thu i\nc lt> tiling to It bung tested, was so uii- 
Batisfnctoi v that it w as thought advisable to get the ch.ngo up and t x.vmino 
the table along its entiu length No defect could ho tound On the iliaigo 
being bi ought to the suitaco it \ui evidi nt tint the non i ise wu . lull ol Wiltei , 
howcvci the tide would not atloul time to open it, nml see it tin tillage was 
wet, it was theiefoie dotei mined to low ei it agun, and tiustmg to tho watei- 
pioof bag, to tiy aiultno it Tho cable was stapled down as lie foie, and tho 
end brought on bond the bulge, the mdic itions ol the gith niiometei being still 
far fiom satisfactoiy. l ? oi tumitdv tho gi oat piwei ol the high tension elec- 
tricity was sufficient to overcome the leak, and the chugo went oil as well as 
tho otliot Tho depth of water was 3b feet 

Subsequent examination showed (hat this ehaigc, though m emit vet with the 
ship’s bottom, made no hole at all, as notev on a cuvck could he found in the side 

This must have been owing to its position, opposito tho stiong guders and 
heavy oast non work of the engines, still tho discovery was almost stiuthng , 
although no breach had been made tlie machinery gave unun&takeable signs of 
having been shaken, tlie massive cast lion beams vvoro bioken acioss m many 
places, and poitionsof tho cngme-ioom flooi came up, moioovoi, the ship’s side, 
for a distance of 40 oi 50 feet, was sensibly bulged m. 

About half of the non case which hold the chaige was found and slung by tho 
diver , it seemed to have opened by tearing along its entire length , both heads 
wei e blown out 

The nest pan of chuiges weie C and D. No blocks wore required foi these, 
foi tho links of the chain weie so largo that a 2 meh rope would mn if iovo 
through a hnk , this was accordingly done by the divoi, and tho two oharges, 
300 lbs each, weie successfully lowcied and soouiecl at noon on the 26th They 
weie died the tamo evening, the connections made being as befoio At tho 
next low water the effect of these ohaigos was seen to liavo been very great. 
Independently of the actual spot wkeie the chaiges had been, the explosion had 
lifted the entile steinhalf of the vessel and lot it diop Tho machinery, noaily 
50 feet away from the chaiges was gieatly shatteied, and tho beams, ctacked 
by tho pievious dischaigo, weie separated and contoi ted and quite romovod fiom 
their proper positions 

Under tho water, cliatgo C had made no bieak as A had done, but a lent, not 
much above the mud level, extended fiom A to within 12 feet ot the stoin 
post, lunrnug into the hole in the staiboaid quaitor which has been spoken of 
befoie 

D had made an immense hole, not less than 25 feet wide, above which tho 
ship’s side had fallon outvvaids, and lemained parallel with the bottom, a little 
distance above it In examining this pait the divei became entangled among 
the torn plates, and extricated himself with consideiablo difficulty. In the 
absolute darkness and stiong ouirent of the Thames, diving in such a situation 
becomes extiemoly liazaidous. 

C and D weie filed in 38 feet of watei 

Two small charges of 130 lbs. each weie nc 
on plan.) 


ixt prcpaied and sunk , (a and b 
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The cases foi these weie of oidinar> sheet tin,* and much too weak, so much 
so, that it \i as difficult to handle them when full without teaung them. Of 
these two, h only exploded, a was found to bo full of water The fuze had fired 
Depth of watei 26 feet Those chaiges weie filed on tho 30th 

On tlic following day anothei cliaigo of 130 lbs was put down singly on tho 
staiboaid side (d on plan ) It was Hied soon after low watei, in 24 feet ol 
watei, and helped to looson tho staiboaid side Tho poit side was sufficiently 
sliatteiod already 

Anothei ohaigo of 130 lbs , (E on plan), was placed msido tho cabin on tho 
2nd July , it blew out and almost detached tho outuo staiboaid sido Owing to 
tlie quantity of broken uon, it was impossible foi tho divei to go down and 
examine tho effects 

Seeing the small effect of chaigo B it was dctcimined to tiy the lesult of a 
charge of gun cotton lodged at tint spit One of the non cases and one mdia- 
lubber bag woio theicfoio taken to the Arsenal, wheio they weie loaded with 
gun cotton by Mi Biowd, assistant to Mi Abel, chemist to tho War Depnit- 
ment Tho bag, capable of containing 340 lbs of powdei, hold 230 lbs of gun 
cotton in the foim of oompressed discs, a charge calculated as neatly equualont 
to 1000 lbs of powdei 

This ohaige was sunk early on tho morning of tho 3id, and filed at high 
water of the same day (noon) The head of watei was 37 feet The explosion 
was veiy different from that of powder, being much moio sudden and violent. 
The distuibance on the surfaco was considerably greater than that caused by 
the two 300 lbs. ohaige9 fired simultaneously (C and D) 

The gun cotton appeared to have almost completed the demolition Tho 
engines, weighing 300 tons, woie shifted bodily out of then place, and no 
pai t of them appealed at low water , the boileis weie also moved, and tho ship’s 
Bide was stove in very nearly to the stern 

Piom tho suddenness of the shook, tho explosion of gun cotton sooms quite me- 
sistible, rendering it poonhmly valnablo for demolitions like this, oi tor toipedo 
purposes No doubt the explosion of ohargo B had weakened tho centio ot tho 
vessel a good deal, but making all allowanae, thoio oan bo no companson 
between tho difference of tho effects, and it is impiobable that 1000 lbs of 
powder, oi oven more, would have pioduced such a decisive result Tho small- 
ness of bulk of the cotton, compaicd with its equivalent of powdei, also gives 
it a great advantage 

After firing this ohmge, one more uou oase and bag remained unexpended. 
A ohaige of 340 lbs of powder was loaded and lodged under the stein, the only 
remaining sound poition. It was fired m 27 feet of watei, and was the lost of 
the series, completing the desttuction sufficiently to enable the pieces to be re- 
moved without difficulty This opeiation is being performed by a laige di edg- 
ing maohme, employed by the Thames Conseivanoy Board, which is piovided 
with powerful steam and hydianlio machinery 

* These tins were made unfloi tho diiectlon of the Thames Conservancy Boai il, and from a design 
pi opiu eel by them. They woi c need with a vloiv to economy, hut wci o 111 suited to tho i equh emonts 
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Tho iiagmuits uro hooked with a huge grappling mm, raisiil with lIiuiun 
Hoiked by tko inaclmieiy unci deposited m lightens, by wduih fhuj ait ramiU’d, 
'Iho ioie pai t of tho ship, m act 01 dan to with the icqutst ol the Thames Cmi- 
£oi \ aney Uoaid, lias not been touched Tho explosions, howtn i r, ospunully that 
of tho cotton, appeal to have lnfluenud tho mud in huoIi a win us to make it 
sink unequally, foi the dock is much contmted, and tho poit wide has sunk at 
least 2 tcct This put of the ship was lull ot lino mud, but tho gun iottou 
explosion dro\ o in tho gieat nou bulkhead whnli separated tin foie-hold fiom 
tho engine loom, and the mud yvill now lun out, this will facilitate tho opera- 
tion of lifting. 

Tho demolition was completed on Satiuday, 4th July A charge of 2(1 lbs 
of Mr, Abel’s now compound of nitro glycerine and gun cotton, called glyovy lino, 
had been prepared, but the destiuction yvis so complete, that it was not re- 
quned Being however dangerous to unload this material, it was diopped on 
the mud, in 24 feet of yvater, and fiied Tho concussion and blow yvoro vciy 
gieat, and tho column of yyatei was considerable. Tho stiength of this com- 
pound is calculated at ten times that of an equal yveight of jioyvdoi. 

This compound promises to be of gieat yaluo m lock blasting, yvhcio it is ot 
impoitance to get an largo a chaigo as possible luto a small space. 

Some anxiety was felt on account of the tall chimneys of a manufactory dis- 
tant 150 yards fiom tho yvreck These chimneys wereyory badly built and much 
ciaoked, and it yvas foaied that tho frequent concussions might bring them 
doyvu No damage was, however, sustained 

13th July, 1868 H. J. 

Dmng party employed at tho wreck of tho Foylo . — 

Sergeant R Baker 3Gth Company, U. E. 

Lanoo- Corporal T, Apps 35th „ . 

Sapper J Falconer 39th „ 

„ J. Downing 39th „ 

„ W Edwards 30th „ 

„ J Symons . 89th „ 

Electrician . — Corporal A. Harley, H E,, reheved by Sergeant-Instiuotor O 
Motley, R E 

The Admiralty diver was Mr Hawthorne, a man of great experience, wlioso 
servioes were most valuable Ho had with him his own assistant. 


Expenditure. 

Royal Mnginco) s. A s d 

1 Sergeant, 26 days’ pay 2 14 G 

I Corporal, 8 „ I 3 0 

1 Sergeant, 4 „ 0 13 G 

6 Sappers 26 „ 81511} 

Transport .. . , 2 15 0 

Travelling .... 6 10 G 

Incidentals 0 4 10 


20 17 3} Paid by Thames 
Conservancy, 
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Admit ally direr 

Uoiud Jiul lodging ol duel mul nsm^tant . 6 8 0 

Pay ditto ditto 21 days...... 19 1 9 


25 7 9 Paid liy Thames 
— Coiiseivaney. 

35 0 0 

30 0 0 

24 0 0 

0 15 0 

2 7 2 

98 2 2 Supplied I iy Thames 

Conservancy 

20 0 0 

25 0 0 

45 0 0 Suppliod from 

Royal Arsmul, 

Total £189 7 2J 


Matcitals 

3,400 His powdei . , 
C Iron cases 
C India rulibei bags 
Imliii-nililiBr glue 
115 Yiuds electuc cable , 


PAPEE III. 

ON HASTY INTRENCHMENTS IN THE FIELD. 

By Field Maiishal SIB. JOHN FOX BURGOYNE, Babt , R E , G.C.B 

Tlie increased power of the impiovod nflod arms of the present day, in 
accuracy, rapidity of fire, and length of range, will call for many alterations in 
the tactics and arrangements of troops m the field. 

In the ease of bodies of tioops engaged m open ground, gi eater rapidity of 
movement, and more scattered and dispersed order m action will have to be 
studied , and another very essential lequirement will be tho best practicable 
means foi obtaining covei, to prevent a possibility of being mowod down before 
coming into contact with an enemy, this last being our piesent object for con- 
sideration. 

Natural cover of bants, inequalities of giound, trees, walls, &c , will more 
than ever bo turned to account m the utmost degree j but what now lequues 
resoaioh is how to obtain the greatest amount of covei artificially, m a limited 
penod of time. 
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Any kind ol stiuctuieof nunc rigid inatcnals than cnith would reqiuie far 
too long a pci iod foi its eu>( turn, and would ho too costly and wasteful for tlio 
voi j tern pm an lcqinicnicuts of hold scivioo , caitli, however, except in rocky 01 
m exticmolj wot soils, unswcis tho pin pose ndmu ably , plenty of compotcnt 
men to walk and put it 111 bliape would he foitlieouung , tho only absolutely 
neccssaiy ucccssoiy would ho a suthcieney of tools, that is, of pick-axes and 
shovels , hut thciom conics tho first and leading difficulty 

A few of thcso.withceitam small appendages of carpentcis’ and smiths’ tools, 
have always accompanied an aiuiy , hut most giudgingly provided, and 111 very 
small quantity', on account of tho difficulty of maintaining tho amount of tians- 
port foi piovisions, foiagc, spaio ammunition, means for ticatmont and convey- 
ance of sick and wounded, and other objects, to w hieh intrenching tools have 
always boon considered of imnoi importance 
The more uigont necessity, howevei, for having such moons at hand for tho 
purpose of obtaining oovei, will now cause much 11101c importance to ho attached 
to this demand, and obtain for it more serious attention 
Attempts have been foimeily made to remove this difficulty by requiring 
soldiers to cany intrenching tools on the march Napoleon, during his gleat 
wars, was very anxious to establish that every sappei should cairy one of those 
tools , and, to make it moio palatable, offeied that, in that case, it should be of 
supenor manufacture and an implement “ de luxe,” as it were, and even gave an 
order to that effect ; but, after much discussion on the objections laised to put- 
ting this additional weight on a class of men who fiequently had to set to woik 
immediately after a maich, (and this will now often be requited from all olosses 
of tho troops,) he was obliged to abandon tho idea. 

Something of the kind, however, may hoieaftei be found absolutely nocessaiy 
for tho aimy in general, aided perhaps by endeavouis to make the ai tides 
lighter, and an arrangement by whioh an intrenching tool maybe served out to 
each two or moio men, and earned m turns This would also be attendod by 
the additional great advantage that they would always he at hand, and would 
not have to he sought foi among tho baggage, which might be distant 
Assuming then the troops to be in possession of these implements of flist 
absolute necessity, tho next consideration will bo how to employ them. 

Intienchments m the Hold have two ohjeots , first to give protection to tho 
men by a covering mass, shot proof, if possiblo , and secondly, for defenoe, by an 
obstacle or impediment to the enemy’s piogress 
3 ?ol’ tho object now under oonsideiation, tho first only is tho desideratum we 
ore seeking. 

The most iapid mannei then of obtaining covei is decidedly by the siege 
trench, sunk m the mtenor , the excavation and tho earth thrown out ot it, 
both tend to fulfil the object inquired, hut it is accompanied by seveial imper- 
fections, 

1 — So fai from adding any defensive powei, except m tho negative quality of 
giving cover, it does tho leverse, by giving the assailants the commanding posi- 
tion when neai it, and cover also 
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2 — Being sunk, c\ciy little obstiuction m front, by undulation of ground, oi 
even vegetation, will soman hat impede tbc flic fioin it 

3 —Though coveiing thoso who aie absolutely in tlio tteuch, it loaves much 
exposed thoso who aio in the leai of it. 

4 — In wot weather this tienoh Mill become moic oi loss a quaginiio. 

5- — Howevei long it maj bo occupied it is mcapablo of improvement 

Tkeie aie, howevei, many occasions, as foi siogo benches oi foi nflo pits, 

wheio this foim of tionch is indispensable, and it may goneially be adopted 
with advantage for woiks hastily tbiown up, and not intonded foi prolonged 
occupation, oi ovei which it is essential that the defendeis should bo able to 
advance with an unbroken fiont to the attack of an assailing foice. At most 
othoi times, it will be piofeiable to excavate on tho exterior, leaving tho natural 
suifaoe of the giound foi the footing of tlio defenders , and even although the 
time should, hy cucumstanees, not admit of a full parapet being thrown up by 
this moans, still to whatevoi extent it may be done, covei to some degiee will 
be obtained 

To analyze the lesults of these two modes of obtaining simple cover for the 
troops, figuie 1 will repiosent the first step, by excavating m the ulterior, 
figuie 3, the same amount of laboui applied to an exterior exoavation 

No. 1 may be thrown up in one continuous lino in about lialf-an-hour after 
tho men are laid out to it , and if intienchments can be earned only to that 
extent, this method will be manifestly the most advantageous to adopt Though 
both give equal cover to tho men on the ground, No 1 gives a far superior 
position to a single lino foi using then rifles against the enemy. 

Figuies 2 and 4 will show the next steps in the progress of each, and will 
lequire poihaps one or two horns moio woik, and the method of pioceediug by 
an extonor excavation is brought to a less disadvantageous result , the cov er 
foi the troops m the iear lemains equal , and though m the one case those abso- 
lutely m the tiench have oovei for then full height, in tho othoi tho inconve- 
nience is leduced to woihmg in a kneeling or stooping position, and m consi- 
doiation of its subsequent oap&bilities, tho latter foim is to be prefeiied , for in 
the one case the interior tiench is at its best and can not be improved, wlule 
the othei may be added to, until it leaches a pauipct of 7 ft in height, (having a 
banquette) and it will then affoid sufficient cover for all the giound m the iear, 
While the excavation affords more oi less of a defensive obstacle, 

Where, as may often be the case, the trench shewn in Figuie 1, has been 
adopted m haste m the first instance, and time becomes subsequently available 
foi impiovements, it will generally be picferablo to lecommence in rear of it a 
trench on tho system shewn m Figuie 3 as eventually the best, and even if 
theie should not bo time to cany it out to the exhume of 7 feet cover above the 
ground, the first, which will have c®st hut veiy little laboui, will always be 
available 

When mention is made of the advantage of tho outside exoavation foi m- 
trenchments as being subsequently available foi tho application of distinctions 
to the advance of the enemy, it must be cleoily nndeislood, as only useful in 



HASTY INTRENCHMrNTS IN 


FIELD 


that respect, for flanking lodoubts 01 otliei limited detached posts, and not m 
front of tho gieat body of the army leady to meet its enemy at closo qnoitci s , 
before this there mast be no obstruction connected with the meic cover to 
pi event it rushing out fieely to tho attack in lino 01 column on the neai 
app loach of the enemy 

Foi very hurried 01 very temporal y occupation of giound likely to bo attacked, 
then, the simple sunken trench m a continuous hue will be the loadicst mode 
forpiocurmg cover the fiist addition with the object of giving to that oi any 
other line of cover some defensive powei, would he to tkiow up, at internals of 
300 or 400 yards asundei, projections, such as redoubts or redans, to act as 
flanks , m pioportion aB these flanking woiks can be made more powerful, may 
the inteivals between them be greatei 

It is very desuable that these at least, as tho most important features, should 
have then parapets entnely loised above the giound 

In addition to any line of covci, natural oi aitifioial, for the mass of the 
tioops, iifle pits in advance, foi a couple of men each, maybe of great seivico , 
these decidedly should be sunk in the interior, on many accounts. 

With reference then to this now pressing loquuement foi pioviding eovei m 
the greatest degree against the destructive fire of the nflo, tho above, and any 
other points which may ho suggested, will be well worthy of consideration, 
trials, expeiiments, andpraotisc, fiist, as to the uigency of the piovision of 
the most necessary implements, with every legulation and arrangement foi 
then tiansport, oaie, and preservation , and secondly, as to the means of 
employing them to most advantage, fiist for cover, and afterwaids wheie 
requued, for defence, paiticulaily defining the time and means necessary for 
each distinct opeiation, not as may bo required by accomplished Sappors at 
Chatham, and under every advantage, but what may be reasonablj expected 
from tho soldieis of the lino, under all tho fatigue, hardships, and deprivations 
of a campaign. 


J. F. B. 
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SWISS METHOD OF DRIVING PILES 

By Lietjt BUCKNILL, If E 

During a tour in Switzeiland tho following method of di lying piles was seen 
being successfully employed at tho tow n of Visp, aftoi an inundation and ovei- 
flow ot the liver of tho same name Tho inhabitants lequired a budge ovora 
rapid and shallow uvoi of about 5 or 0 ft m depth, and 80 to 100 raids in 
width Moieovei, os tinffic was suspended until tho budge was completed, 
celerity was of tho utmost lmpoitance. Tho bottom of the uvei was composed 
of stones and fine sandy silt, such ns is gencially washed down fiom tho Swiss 
mountains duung heavy rams A budge on small piles was adopted as a 
tempoiaiy plan to restoio the diligence louto duung tho lepau of tho old 
letainmg wall of the uvoi The method of duvmg tho piles, which was new 
to me, seemed so efficient that I repoitcd upon it to Majoi General Su John 
Simmons, C B , K. E , on my letvnn to England 

The piles used were about 12 ft long and 6 in in diameter Tlia bottom 
of tho pile was moioly pointed, and was not shod with noil , noithoi was tho top 
protected with a ling oi othoi oontnvanco to picvcnt tho pile splitting A 
s. m hole, about 9 m long, was boied in tho top of tho pile, and a \ m 
non bai, 0 oi 7 ft long, was dnven into this liolo, aud acted as a guide Lai on 
which the monkey slid 

Tho monkoy consisted of a piece of lound oak, about 10 iti in diamotei ami 
30 in, long It had a strong bond ung at each end, and thiough its ceutial 
axis was an inch hole from end to ond, in which tlio guido bai could easily 
slide Theie wero foui cuived handles of bent ash, piojoctmg from the body in 
the arc ot a cnclo, and fixed to it undei tho bond lings There weie also 
aomo smallei monkeys with only thiee handles 

Tho men who worked tho monkoy stood lound it, and worked it veitically, 
taking time fiom the " leading hand,” who gavo a lusty shout when they 
Wore to heave , aftoi lifting it as high as they could, they assisted tho fall by a 
Stiong veitical down w aid pull 

Sir John Simmons allowed mo to make some experiments m tho field woiks 
at Chatham, mid to foim a pile budge, by duvmg the piles in the mannei 
above desoubed Tho monkey used consisted of a pioce of lound oak, 9£ in in 
diameter, and 3 ft 6 in, long, and it had a oentral hole 2i in, m diameter, bored 

o 
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from ond to end and thon burnt out to get a smooth suihieo (figs 3 and 1 ) It 
had fom bandies made of j-m immd uon , thej wcio flittoned out at the ends 
and a hole mado through tho flattened pait, by u Inch a \v ood sci e\v fastened the 
handle to tho monkey, tho wood hung slight]} cut awn} ill that part, and tho 
outei paitot tho handle thus bi ought flush with tho suituco, ashouldoi, houmci, 
was left on tho handle to butt against tho bond lings The bond lings yen’ 
made of -nrin non, and woie 2iu bioad Thej uoie sliiuuk on nltci the 
handles weie attached Much difficulty \\ ns found in making tho vondin 
handles stand tho shook of the concussion, hut attu non haudlcs, us desouhed, 
were used, no fiutlici troublo was met with As tho -pin handles wcio lathei 
small foi tho hand, they weio solved with spun jam 

I was anxious to devise some method by which tho platform, upon which tho 
men who woiked the monkey stood, should he lived to and suppoi tod b} the 
pile itself, so that then dead weight should push tho pile doopoi uftoi the blow 
had moved it and distuibed tho mud and caith suiroundnig it. I tiled sovoial 
plans, and when }-in non plato can hoproomed, and a foige and a good smith 
are at hand, the host seoraed to be as follows — 

The platfoim itself was of wood, formed of planks and battens, it should 
he ciroulai in shape, and should have a oential hole laige enough to take the 
largest pile that is to he dnven. (Figs. 1 and 2 ) This was suppoited on two 
clips of iron whioh woie cut out of \ in plato, bent to a ught-angle, and again 
bent at the centre to receive the piles two of these wore then nveted togothei 
by similai arms to foim one clip, the othei two arms being dulled with suitable 
holes for smew bolts which attached the two clips flimly togothei, and caused 
them to grip the pile When the plattorm was about 15 in below the top of 
the pile, the men could work with the gleatest fozoo 
Should thoie he uo foigo at hand, the following method can he losoitcd to if 
the piles have not to be driven to a gieatoi depth than 4 oi 5 ft Two planks, 
20ft long, 3 m. thick, and 12 m bioad, had each a hole boied tlnough tho 
centre at a distaneo of 1 ft 7 in fiom the ends, aud a diamond shaped jaw, 9 m 
long and 5 m broad, was made at a distanoo of 2 ft 2 m horn one end, (Figs 
5 and 8). The ends of the planks weio commoted togothei bj four turns of No 8 • 
iron wuo, which passed thiough the holes at the ends near the jaws Tho 
other ends veie eonnooted by a lashing aftoi tho plauks had been lifted ovei, 
and then jaws had embraced, the top of the pile to he dnven. In ordei to pic- 
vent tile planks slipping down the pile, a laslimg was tied lound the lattei about 
15 in from the top, and some strong non spikes driven in below the lushing, 
and to pi event tho planks toppling sideways, an non haugci was made, which 
is shown in Figs 6 and 6 This could he leplaced with who oi small strong 
rope fi om the pile top to tho outside of the planks, wheie it could bo fastened 
to a piojeoting batten, oi to spikes suitably placed 
Tho plan that sooms the best foi bunging the piles into position is as follows 
the length of hay should not exceed 10 ft , and it is easiei to woik with a bay 
of 8 ft Two strong poles about 20 ft long and 6 m in diamelei, aio bolted 
together at one end, about 7 m. apait , they me thou lashed down to tho last 






SWl=s MLTUOD OF DlllYIM. 


ij as in Fig S) Two planks me laid on thorn and the pile taken out point 
lemost and diopped into its placo A small cioss picxo is then lushed oil the 
ids of tlio spais, to pievent the pile falling outwaids The lion clamp and 
loulu plnttoim, 01 the pi mk platloun, is, then put on, and the guide lod and 
otilcey hi might out and placed on the pile by two men, tho lomamdei thou 
llow, and the pile is duven until the bottom ot platfoim is biought down to 
ie poles Tho dining paity thou corns in, bnngmg with them the monkey 
id guide rod , the platfoim is next biought m, and the tiansom and load beams 
c then duly lushed in thou places 

j Experiments — A Not ton's tube-well Mas duven 14 ft in less than half-au- 

Short piles, 6 in diametei, woie duven in haid giound at tho rate of 18 in. 
n minute, a platfoim clumped to the piles being used to cany the dnviug 
irty of feui men 

A pile bridge, 90 ft long and 10 ft wide, with hays 12 ft oi 13 ft long, was 
ado by ten sappeis in foity-ouo horns of actual woik The aveiage weight of 
loh pile was 90 to 1 00 lbs , a\ ei age diametoi 6 ui top and 4 in bottom, avei ago 
mgtli 20 feet The natuie ol the bottom in whioh the piles woie duven was 12 
i of mud, and then a thick layei ot giavel Tho weight of the monkey being 
little moie than 1 ewt , it will bo soon that the piles weie lather heavy, novel- 
loless they weie duven at an aveiago iate ol 1 It in foul oi five minutes, and 
unetimes as fast as b m pei minute 

Sn John Simmons pioposed that a lengthening tube of Norton’s tube-well 
aould be used as the guide bar, it was tued nud answered the puipose admi- 
tbly. It was found to be nnpoitant that the hole bored in the top of tho piles 
> take the guide bai should bo quite voitical when tho pile was being duven, 
theiwise the fuotion between tho monkey and the bai was apt to pull tho 
ittoi out of tho hole 

It was lound that there was no necessity to bind tho tops of tho piles to 
levent them splitting 

The men piotoued woiking on tho platfoim with non clips, aa they had 
ioio loom and a moie stablo looting , with tho plank platfoim, also, some diffi- 
ulty was expeuenoed in lilting tho heavy planks oiei tho head of the pile, 
'he time ncecssaiy to got them into position was neaily the same. 

J T. B. 



TAPER V 


THE ELECTRIC TELEGRAPH AND VISUAL SIGNALLING, 

IN CONNECTION WITH FUTURE MILITARY OPERATIONS. 

By Captain R n STOTIIERD, RE 

Eicotviu TUe Recent expediences seem to inchcato that tlio Electric Telegraph 
Eolmiwi taut la 13 destined to l>lay a veiy impoitnnt pait m futuie campaigns 
futuiovMus No one can load the account of that in Bohemia m 18GG, so 
ably doscubod by Hozier m his hook entitled “ The Scion Weeks War,” ivith- 
Usea by tlio oat being struok by the masterly strategy of the Prussians, is Inch, 
campaign ot on aeaily every occasion, gave them an adsantago over' their less 
lseo skilfully handled opponents , and that the oiders foi these strategical 

movements, omanatmg from the master mind of Von Moltko, svere flashed along 
the telogiaph svnes, fiomlus office at Borlm to the sosoial aimios and eoips con- 
cerned, has now become a mattoi of histoiy This, though one of the most pro- 
minent, is not tho only mstanco tending to piove tlio immense advantage whioh 
would be gained by an aimy engaged in the operations of a campaign, if pio- 
vided with an efficient Eleotno Tolegiaph, ashy this it could communicate 
directly with its base of opeiations, 01 with detaohed eoips open atmg on linos 
at a considerable distanoe fiom each other, with almost the same speed and 
facility as if they wero within speaking distance 

An Elec tno To -^ n Electuc Telogiaph equipment will, no doubt, foim a part of 

leginpb Equip eveiy modem army taking the field, and the question n atm ally 
a pint, ot c\eiy arises, what effect this will pioduco on future militaiy opeiations, 
modem army ivhat is the best foim of cqmpmcnt to adopt 
Hostile to bo In considering these questions let lib fiist exammo the results 
ployingtincto hitherto obtained by the employment of the electric telogiaph 
trio telogiaph Patting aside, fol the picscnt, the militaiy telcgiaphs used by om 
own forces in the Cumea, and by the Fedeials while engaged in tho attack of 
Richmond and PeteiBbuig, asrequned to fulfil conditions not exactlj in accord- 
ance with those winch wonld oocui on a campaign, the forces having on those 
occasions been stationary, we must turn to the Indian Mutiny in 1867-8, the 
campaign m Bohemia m 1866, and that m Ahyssima m 1807-8, in all of which 
the clectnc telegraph was used, and undei conditions which would occur in an 
enemy's country. 
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Tel rmh tm Dunug tlio Indian Mutiny, Loid Cljdo’s head quaitcis weie 
I'Utvul (lining gencially m telegiaplnc communication with the seat of Govem- 
Iiuflim MuLlnj mont c a i cu tta Theio appeals, unfoitunatcly, to be no detailed 
account of the mstiumonts and means oniployed m the opeiations by which this 
veiy desnable lesult was effected Thcic is, however, a very shoit rcpoit by 
tho late Lieutenant Colonel Patuck Stewart, RE (to whose uni emitting 
enci gy its success was entuely due), published in the rocoids of the India Office, 
which gives a geneial idea of what was done As fai as I have been able to 
ascoitam, it seems that tompoinry lines weie constiucted in continuation of 
tlio permanent lines of tho countiy, to connect tho head quartern of Loid 
Clyde’s foices Tho peimanent lines of the countiy being always along tho 
main lines of load, which formed tho communication with the base of opoia- 
tions, and which weie consequently, to n consumable extent, guaided and 
patrolled, interruptions to telegiaphio communication, duo to tho lebcls’ opeia- 
tions, wore extiemely iaie 

Used i,y the le 8 al ^ s tho campaign in 1866, each of the two mam armies 
PiiiHsiaus mi operating in Bohemia had one umt of fiold telegiaph equipment 
pulguut is™ attached to it, a thud unit was attached to the head-quoitois of 
the King of Piussia, and a fourth was in icserve 

Each umt earned 27§ English miles of wuc, with a ceitain uumbci of 
Moiso recording telegraph mstiumonts and batteues, was complete in all its 
details, and capable of eicohng a lino of telegraph as fast ns tho hoad-quarteis 
of an aimy could maich An excellent detailed description of the constitution 
of the Piussian Field telegraph equipment, by Captain C. E, "Webber, R E , is 
given m volume XVI of the “ Coips’ Papois,” and I am indebted to that 
officei for some fuithei information on tho subject, which has been embodied m 
this papei. 

Thus equipped, tho hoad-quaiteis of each aimy appeal to have been m con- 
stant communication with Beilin and, through this lattei plaoe, with each othei 
The system adopted seems to havo been to make connections with the peimanent 
lines of the countiy and to foim tcmpoiary lines as lequn ed, using tho fiold equip- 
ment for the lattei puipose, as well as to supply any deficiencies occunmg in 
the peimanent linos till the latter had boon lepaued Till within three oi foui 
days before tho battle of Sadowa, the telegiaphio operations appeal to havo 
beeii always well advanced , and though tho wires did not actually extend up to 
tho field of battle, theio can be no doubt that the electric telegiaph contributed 
to the Piussian success m no small degiee Theie appears to have been uo 
difficulty m piotecting the line which followed the lailways (the main lines 
of communication) and was consequently well guaided 

Used dm in F°r the Abyssinian campaign of 1867-8, the telegiaph equipment 
Abyssinian s piovided was oiganised m two divisions, via a light line to be 
iso? s’ 1 * 611 ° f laid as fast as the foice advanced, and of which a system of visual 

signalling foimed a pait ; and a reserve lino, partaking moie of a 
peimanent character, to be erectod at leisiue In consequence of want of 
tiansport tho light lino, with the exception of the visual signalling appaiatus, 
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was abandoned nltogcthci , and foi tlio same uason gieit ilifhculty was l\- 
peiicnced in can \ mg the inntuii ilu, especially the poles, icqumd iox the semi- 
ptimancnt line, uul its cffitienej amis, conscqutntlj , bcuouslj lmpauccl Fioin 
tlio above causes the pi ogi ess ot election w is much slop ei tlinii it might hay e been, 
and, when the line w is elected, consuleinhh inconvenience and m ten upturn to sig- 
nalling v,as c\.pcv lonced , pi mcip.ill y iiom the hi caking dow n ot tile make shift', 
which it becamo ncccssaiy to substitute loi tclegiuph posts, suit iblo poles not 
being obtainable in the country Iho mnnhti ot men aiailablo tor working 
paities, appeals also to hay c been limited, tow.nds the end of the- campaign 
when rooiomcn vveieomployodin thoconstiuetionof tlio line, os much tis ten milob 
woie eiectod m a day , thcio seems to bo no doubt, tlieioloie, that with adequate 
means it unglit have bocn earned, if notabsolutely to Magdalu, \cay much neitrei 
to it than was actually done Evecpt at hist, tlieio appeal s to have been very 
little difficulty consequent upon the uiteifcienco ot the natives with the lino, 
then motives for touching it appoared to bo clncfly cunositj, 01 a yyish to 
become the posBessois of tlio coppci who of yvhich it vy ns foimcd * The mtor- 
mptions ospenenccd yvao chiefly due to camels, numbeis of yvhich yvero 
wandeung about sick and disabled in tlio vicinity of some of tho haltmg places, 
and from the inefficiency of tlio poles, tho line was m many eases not suffi- 
ciently high, to alloyv them to pass fieely uudci Much ciedit is duo to Lieu- 
tenant St John, RE, and the officeis and men under his command, by whom 
this line was elected, and who, by then zeal and energy, accomplished a very 
groat deal with veiy inadequate means 

Such aie, buefly, the lesults obtained m tho campaigns mentioned, and there 
seems to bo no doubt that military telegraphy is capable of very consideiable 
development, and that gieatei effect may be easily pi educed thcieby. 

A lino of tcio ^ k° 0 of e ^ eotno telegraph is in somewhat a siunlai position to 
t,i opii ^somt a lailway as legards modem warfaro A foice, letiung tluough 
wvrao position its oyvn 01 a fnendly temtory would be in full possession of both 
mtnuiy pm telegraphs and milways, and could use them to tho utmost, and by 
poses thoioughly destioying thorn would depuve an enemy of all advan- 

tage to be denyed fiom them till lcconstiucted 

Pai defensive ^ 01 defensive purposes, therefore, we may fanly mfei that tho 
inn poses u lino electno telegiaph would be of vay gioat advantage, as admitting 
woiSiiSlo 1 ' most of the transmiBBionof oidcis and intelligence with a celenty hither- 
advnntngeous to ^attainable 

3?oi tlu attack An attacking foice, on tho conti ary, must he piepaicd to fiud 
formed 4 aficsh everything in the shape of telegiaphs and lailwaj s at best only in 
oarmt f-i tuo a stftt,e °*' lum on tlle hue of advance, and must cany tho means 
pui-poto of re-estabhshiug them with tho utmost lapidity, and when re- 
established they must bo thoioughly patiolled and guaulod to ensme offioionoy 
Both lailway and telegiaph would generally be on tho main line ot comtnum- 

* It is pi olmblo til ot n shnip olcchlc shock, judiciously adnnulstoiod with n frictional mntliiiio 
to a dulimiuout caught in tlio let, would lmvo a salutnij dotci lent effect in pi eventing depicdalions 
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cations, anil then vnlue, ns boating upon the conduct of a campaign, Mould 
essentially dopend upon tho cfhueiicj ol tho piotection aftoided to them 

, Fiom the expeuence of the Bohemian Campaign, it would seem 

Comliineil opo * 

rations iomlu fan to assumo that combined unlitaiy opciations by columns npc- 
lo tLHtinpMc 1 latmg on lines at a oonsideiablc distance fiom each other, can bo 
tibcucy earned on, with the aid of tho elcctuc telcgiaph with infinitely 

gieatoi piccision and certainty of lesult than has hitheito been possible 
Dctndicd ^ 18 n B am no sma ^ advantage that the same head which con- 

ikmUcs mo ceives an idea may, as it wcic, woik it practically out , that, m fact, 
lu outfit mm o a Gcneial may lmve within his giasp the powci ol issuing oideis 
tioioVtiui 0011 nnt * S lvln S explanations peisonally foi the execution of opcia- 
(icnoiai com tions at an almost unlimited distance, and of leceiving immediate 

mantling intelligence as to how his oideis aio being earned out, oi what 

new combinations it may bo dcsiiablo to make on the spui of tho moment 
Hitherto it has, undci such cneumstances, been noccssaty to entiust the execu- 
tion of details to othoiB, and misconceptions must occasionally anso m tho com- 
munication of ideas fiom one individual to auothei, howovei gicat may ho tho 
coio bestowed thoreon 

Fonnof «ui Next, with iegaid to the best foim of equipment foi field telc- 
mont for iioiii giaphio opeiations To effect the object in now, it would seem 
sci vico neoessaiy to have an equipment oigamsed m two divisions — viz, 

a light one, capable of laying a lmo of telegiapk as fast as lufantiy can match, 
and a roseive, provided with everything neoessaiy foi the constitution of a lino 
of telcgiaph of the most substantial descuption. 

Prussian equip The Piussians in the campaign of 1866 possessed a light equip- 
mmit mont, but nothing coiiespondiug to tho loseivo above lefcucd to 

Tlioir light equipment consisted of foui units, each oaiiving 27j English miles 
of oonduotmg wue, oi a total of 110 miles m all, with a ecitain piopoition of 
mstiuments, battones, &o Two of these units weio fitted with an eleotuc 
cable, insulated with gutta peioha, with an ontci piotectmg ooveung of coppei 
tape, to bo laid on the giound, as described by Captain tVebbei This form of 
cable was tiled at Chatham, in connection with some experiments dunng tho 
fitting up of oin own field telegiaph equipment, and failed badly It is not 
Buipusmg, theiefoie, that it has been condemned by the Piussians, and that the 
otliei two units of equipment weie diffeiently oigRnisod The lnttei weio 
fitted to eonstiuct ail aerial line, earned on light poles This is, no doubt, 
an impiovement on the cable pioteoted by tho ooppei tape, but it would be ex- 
tiemely conspicuous, he suie to attract the attention of an enemy during a 
cavaliy raid, and be veiy susceptible of injmy It would only bo necessary to 
thiowaiopo over the wne and pull it down, oi to bieak oi pull down tho 
poles with a lasso, to lender the line inefficient 

Smut For the AbysBinian equipment a light and a leseived line weio 

Light line provided. The light line consisted of an insulated conductor, to 
ho laid on the giound. The insulation in this case was Hoopci’s coie, (a com- 
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lunation of Indian lubbei, as doscnbed in Volume XVII of file Corps Papois, 
pages 68 and 72 ) Foi the reasons aheaily stated it was never used, but it was 
found to stand the great beat, while in stoic at Zoulla, without any apparent 
doteuoiation. to the insulation. Gutta peicha is easily damaged by day heat, it 
melts at a lower tempeiature than Hoopci's coie, and when the heat is not 
sufficient actually to melt it, it becomes buttlo and ciacks, exposing the eon- 
ductoi , it is, moreover, not so applicable gencially as Indian lubber to a cablo 
whioh has to be frequently payed out and reolod up, as is the case with any 
field telegiaph equipment. 

The visual signalling apparatus belonging to the light Abj s- 
sinian equipment was earned foiwaid and pioved most valuable 
The leserve Abyssinian equipment consisted of a light conduct- 
ing wire, of No 16, coppei, earned on poles Bamboos weie 
shipped at Bombay for this purpose, but many of them nevor leached then 
destination, having beeu washed oi thrown oveiboard during a gale of wind, 
and it was found difficult to caity those that did amve up the country Those 
weie a set ions loss, and the equipment was in addition, as aheady stated, much 
crippled by want of tiansport 

Both the Austrian and Italian governments possess a field electno telegiaph 
Auswtan fioia equipment The former, (the Austrian), is desenbed m Volume 
XVII of the Coips Papeis, and does not seem to diffei fiomthat 
of the Prussians in any very essontial particulars. It is unnecessaiy to descubo 
tekBmp2 0l<1 ^e I ta ^ au equipment which, though slightly differing in details, 
is piecisely similar m gcneial anangements 
Having had the benefit of the expeuonco of the Piassians and Austrians, as 
well as a veiy good descnption of the Italian equipment, the taslc of oiganizmg 
ki uiam Jaf 1 *0? - a telegiaph equipment was uudeitaken at Chatham, 

ShnSn^in ani ^ we now possess specimens of carnages and apparatus, which 
is iw 8 seem well adapted foi the puiposcs lequuod to be fulfilledm a light 

instruments equipment. Ihe mstinments employed are Moiso leeordois and 
Battciies Saundois, airangedin a vory poi table foi m The batteues aie a mo- 
dification of Darnell’s, and the condnctoi is Hoopei’s coio A few light, tubu- 
lai, iron telegraph poles are also earned foi special purposes Tho mstiuments, 
Waggons batteues, &o , aie fitted m tiavelhng offices, which aie simply tele- 
giaph offices on wheels, and the conducting wire, poles, &c , aie earned m wag- 
gons, adapted for tho rapid construction of a line of telegiaph The conduohng 
t'oiiiluctlng wire is ananged to be laid on the gioand, at a minimum rate of two 

wlic miles an hour, with well practised men a lmo has been constructed 

from Biompton Bauacks to Ramham, a distance of foui miles, m an hom and 
thirteen minutes This insulated cable is not, like the Prussian, susceptible of 
injury by the passage of heavy waggons ovei it, and it has stood some very 
seveie tests, m that and other lespects, without injury The light non polos 
i-oii p me for use at road ciossmgs, wheio continuous heavy ti affle would 

feptun in tune pioduco mjuiy, if it wero allowed to pass ovei it Spikes 
of a peculiai foim aie also earned, to enable the conducting wuc to be suspended 


Visual si glial 
Restivo equip 
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to tiees 01 walls, m oidci to moot the contingency of passing thiougli a town 
01 village 

\ liu il signal Visual signalling appaiatus, consisting of flags for day and lamps 
Uiignpimintns f 01 night uso (similai to, though, somewhat impioved upon, that 
used in Abyssinia), foims apait of the light equipment This is walked on the 
appioved system foi aimy and navy signalling, and foims an extension of the 
electiic tcleginpli, while it gives the moans of tompoianly budging ovei a fault, 
should one occui in the oleetucal system, and of communicating with the navy 
in combined opeiations 

Light cutup The oigamzatiou of a unit of light equipment has been diawn up 
meat 0 n papei, but lms not yet received the sanction of the authouties 

At piesent we possess a very limited amount of line who, only eight miles. 
Reserve equip 1x1 addition to tho light equipment, it would seem neoessaiy to 
meat piovide a loseivo, foi the com. ti action of a more peimanent line, m 

oidei to cany out the requirements of a campaign Whole the natuie of the 
oounti j admitted ot such a couise the insulated wiro might be buned by dig- 
ging a ticnch, in which to place it, oi by lunmng a hghtplougk along the line 
Where an aeunl line would be prefciable, and tiansport compaiatively easy (foi 
example, if a railway weie available), it would seom desirable to piovide the 
moans of meeting an ordinal ytelegiaph lme of tho most substantial description 
Everything flimsy oi makc-slutt should be avoided, and ample depots of mnte- 
nals for repau should he established at mtoivals along it, in whatever way it 
may be constiueted 

Light equip- Tho light equipment above refened to was usod dunng the past 
Ahiui shot tiu summei, m connection with the stiategetical opeiations instituted 
meu " mmUU Ut at A Wm shot, with voiy good lesults 

Bieetiio tolo The olechic telogi apli was attached to a flying column on two 
gi 'Ph occasions, and used to keep up a communication with the base ot 

opeiations while actually on the maicb, and to connect tbo vanous points whole 
camps weie formed with the neaiest tclcgiaph stations. This entailed a vmy 
gloat vancty of woik, fiom the simple foimation of a lino along a load, to the 
passage of a uvei at a point wheie theie was no budge * 

The instiamoiits and appaiatus woiked lemarkably well , the lines weie ia- 
pidly formed and dismantled, and sevoial impiovements in mmoi details weie 
elicited m tho couiso of the woik, which also gave good piactioeto tho officeis, 
non-commissioned officeis, and men employed 

i sert to connect electiio telegiaph was also used on the 2nd of August, to 

in outpost with connect an advanced foice, tkiown out towaids Fnmley and Haw- 
iiena quRiteis j e y f 0 wa tch tho enemy’s movements, with hcad-quaiteis neai the 
Noitk Camp at Aldershot, a distanoe of neaily foui miles, As the enemy ad- 
vanoed, the telegraph was dismantled and iceled up, piece by piece, as lequired, 
signalling oommnmoatiou bemg re-estabhshed when the enemy’s advance had 
* A line, to connect tho damp at Bnalioy Park with the Hampton Com t Telegraph Office, waa 
formed tluough the Thames on the 10th of Jaly, anti vvoikeil astislaotoiily for two tiajs, whilo the 
Loliuuu lomaluoii at thofomoi place 
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been sufficiently loft behind to lender it safe to do so No difficulty was ex- 
perienced in executing tins ictiograde movement j tlie office w iiggon was easilj 
moved along the load at a trotj and tho line was lccled up at the late of about 
four miles an hom The voiy gicat advantage in mcieaso of speed, o', ci the 
oidmoiy system of mounted oideilies, attained by this method of communicating 
with an outpost, oven at the comparatively slioit distance tued on this occasion, 
was veiy stiongly exemplified 

VKuni signal Tho visual signals woie omployed on several occasions to com- 
iiub municate between columns of troops when on the march, as w ell as 

to connect outposts with the main body, whilo feeling for an enemy, and the 
rapidity with which the infoimation collected was, thiough their ngenm , trans- 
mitted to head-quarters, gave the foice employing them a iciy marked advan- 
tage on two occasions, viz , at tho Pirbught field day on the 22nd of July, and 
at the Bizley field day on the Gtli of August 

Balloons lui Pi ora the experience thus gained, it would seem piobable that 

signalling yui balloons might be veiy usefully employed in connecting outlying 
posu signalling pai ties with the main lino of communications. Should 

this be found practicable, much difficulty which now occurs in tho selection of 
stations, affording a good view from point to point, would bo eliminated 
Officers o£ uil It is manifest, howevei, that to woik eithei the electric tele- 
ia n u h °ao i be g lIL Pk or Visual signalling to advantage, it is necessaiy that officers 
teiapapiuMind sn ^ men the service should be familiarised with the 

sigimis 1 use of the apparatus employed, m so fai as its application to the 
rapid transmission of oideis and intelligence is concerned 
Tola iiniisoin le S a id to the employment of telegraphs of a moie 

mous 1 ft »t!itiuu station ai y natuie, we have examples m those used by the allies 
mj natuie duuug the siege of SebaBtopol, and by the Federals duung them 
operations against Riohmond and Petersburg. In both these cases tho eleotno 
telegraph, and in the lattei visual signalling also, were found most useful In such 
cases rapid locomotion, construction, and dismantling are not required, and tho 
lines may he made of a moie peimament character 

Toiepa npits] Still moie peimanent should be the electric and visual signalling 
iKm'ljmtoi airongements, which will m future be necessary, to connect the 
ti cssob mam works with head-quarters, m all laige fortresses Unlike those 

alieudy lefened to, these may he oaielully designed and constructed at leisure, 
and long hefoie they me actually required for use Without them the systems 
of submaiine mines and othei appliances of modern warfare, which must now 
ioira a poit of the defenoe of every first-class foitress, could not bo worked to 
advantage. 


E. H. S. 
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PAPER VI. 

HOW EARTHQUAKES CAN BE OBSERVED AND 
REGISTERED 

By LIEUTENANT T. FRASER, R E 


Owing to the great importance of being able to foiesee tlio eruptions of 
Vesuvius, the late government of Naples was led to put up an obseivatoiy to 
watch its signs. The house, built in 1844, stands neai the Hermitage, 2080 ft 
above the sea, being placed on a lidge of the mountain which has tuined aside 
many a lava cunent, without being itself submerged It is founded on vaulted 
aiches, above which is a large hall for specimens of lava and volcanic minerals. 
Steps lead up from this hall to the observatory pioper The whole is m the 
charge of Piofessor Palmien, of the Royal University of Naples, who, by hu 
ingenuity and zeal, has biought the instruments to a state of gient peifoc- 
tion , to his kindness I am indebted both for a peiaonal explanation of the work- 
ing of the apparatus and also foi a description of it 
The seismogiaphic or sliock-ieooiding instruments aio in a sepaiato room, 
and aio woiked by electricity. There aie also instruments foi obsemng the 
electricity of the an, and the pressuie of the wind and amount of rain-fall, as 
well as the diurnal vanations of the magnetic needle. 

All foimei attempts at measunngandieooiding eoithquokes depended ducotly 
on the shocks making then own marks, slight ones thus escaped notice, but by 
the use of electucity the ceitamty of lecoid is invaiiable The mstiuments aio 
made to record the horizontal and voitioal oscillations, the time of their oocunence, 
and their duiahon and dneotion, in the following manner — 

In Fig 1, E is a helix of biass wne, (gauge about 1 millimetre) , the helix 
consists of 14 oi 15 turns, and has a diameter of from 20 to 25 milhmeties, it 
hangs from a fine metal spring, and oan be raised oi loweied by a thumb screw 
From the lowei end of the helix hangs a coppei cone with a platinum point, 
the latter is kept olose to the surface of mercuiy m the non basin /, which rests 
on on insulating column of wood or marble (G) The distance of the pomt from 
the Surface of the mercury remains constant, as the metal pilloi (T) is of such a 
length that its expansion or contiaction compensates that of the helix, the 
latter is m connection (by T) with one pole of a Daniel’s batteiy of two cells, 
and the basin / is connected with the other pole, Any vertical movement, 
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however slight, makes tlie platinum point dip into the moicuiy, ami thin 
completes the circuit In this cncuit ,ue included two electio-mugnots, C and 
D, these, during the cnculation of acunent, attiact then nimaluies, w lueh ate 
conuoeted withleveis Tho action ot O’sloici ih to stop the clock A, which 


thus lecoids, to a half second, tho time ot tho ocruueiico ot the shock at the 
same instant that the clock stakes an ahum bell The le\a, attichcd to the 
aimatuie of D, at tho fiist instant of the cuiicut, tices the pendulum of the clock 
E, which was hofoie kopt fiom swinging, m a position out of the uitical , tho 
clock thon acts as a time-pieco, and its motiou uni oils a band of p.ipci, K, K, K 
at the rate of three meties on horn At the same time tho aimatuie ot 11, w Inlc 
attiaoted, presses a pencil point against the band of papei which passes oui the 
vollei m.hmaiking on it, while the eaitliqunko lasts, a scues ot points 01 stiokcs 
which ocoupy a length of paper coaespondmgto its duiation, and which iccoid 
the woik of the shock Aftoi it is ovei, the papei continues to uniollfiom tho ditim 
j and passing lound the clock, lolls on to the dium l If a fiesh shook occui , the 
pencil indicates it, as befoie, on tho papei, and the length of blank papei between 
the two sets of maiks is a mensuie of the mteival of time between tho shocks 
By way of additional check, seveial helices, h, h, h, me liung fiom a stand, with 
small pemanent magnets suspended fi om their ends, bchrsv and close to these 
lattei me small basins, holding non filings , into these the points of the magnets 
dip, when then helices oscillate veitically, and some filings lctnain sticking to 
the magnets as a recoid of the shock One of tho magnets has a shoulder on it 
which moves an index hand along a giaduatod nic, as shown m Fig 2, thus 
again legisteung tho amount of tlio veitical movement 


The following airongements me moie spocuiUy foi legisteung the hoimontal 
motions —On the stand to the light of the clock A, aie set foui bent glass 
tubes, open at their ends Ono of each pair of vertical branches must liavo a 
diameter at least douhlo that of tlie other. These pans, with their supporting 
columns, aio shewn m plan, where one pan lies N and H, anothei E and 
W, a thiid NE and S\V, and the othoi N\V and SE It will he observed 
that metallic bus pass fiom tho pillai P, ovei the ends of all the longlnanrbcs, 
and similai hais pass fiom R over the ends of tho shoit blanches , the pillan 
themselves, as in the case of the othei mstinment, aie each connected with one 
pole of a Darnel’s battoiy, the connections including tho clectio magnets C and 
D. The description of the tube n will apply to all the othois , n is paitly filled 
with meicury, and au non oi platinum wne o, suspended fiom tho bai ahovo 
the short branch, dips into the moicuiy theicm, while anothei platinum wire 
hung fiom the bar over tho mouth of the longer blanch, has its end veiy close 
to the sui Face of the meremy in that bianch Any shock which is not peipon- 
dicuhu in duection to the plane of the pan of branches, will cause the mere m v 
to omllat* m the tubes nml moie sensibly in that with the smalloi diametoi 
when it uses up in the latte! , so as to touch the platinum point, the connection 
between P and R is made and the cncmt completed, staitmg the action of the 
electio-magnets C and D, which record tho shook as alieady desoubed Br 
having the tubes set in the diffment directions already mentioned one oi moie 
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of tho pans is suie to be acted upon, and by absolving in winch the oscillation 
takes place, tho duection of the shock can be ascei tamed Besides this, each 
long biancli has a small ivoi y pulley q fixod above it, over which passes a single 
fibie of silk, with an non float at one end, lestmg on the suiface of the 
mcicuiy at the othei end of tlic fibie hangs a counteipoise x fixed to the 
pulley is a fine index hand capable of moving along a giaduated aio When 
tlio shock takes place, the mercury rising in the long binnoh, laises the float on 
its suiface, the silk fibie at the same time makes the pulley revolve with its 
index hand, which aftciwaids leinams stationaiy, as the counteipoise x prevents 
the float fiom sinking again with tho raeicuiy The leading on the giaduated 
aic is thus a measuie of the magnitude of the shock It will he seen that in all 
these instruments, shocks howevei small can ho lecoidod with oeitainty, by 
adjusting the distance between the platinum points and tho mercury 
In addition to the above, some mstiuments of a roughei descnptionnio used, 
foi instance, at tho foot of the pillai G them is a wooden trough with eight holes 
(two of them shewn in section) lound its mnei oircumfeioneo , meicury is pomed 
into the basin till its level is noaily up to the bps of the holes Tho effect of 
a shook is to throw some of the meicury into ono 01 moie of these holes, and 
the gioatei the oscillation the moie mercury is thiown in Tho soiows shewn 
outside aio foi diawmg off tho mommy Irom the holes, when its quantity can 
be measured The duection of the shock is shewn by seemg which holes are 
filled with moicury The following is anothoi method Fioin the aim of tbs 
pillai G, a fine metal wue hangs, with a metal ball at its end, which, bj 
its oscillation, thiusts out one 01 more light glass tubes, set houzontally in a 
stand as shewn in figuie 3. Tho two rings aie of wood, and the glass 
tubes pass through holes in them of the shape shown in the sketch , small 
leathci washers aio placed outsido the outer rings tlio displacement of 
a tube measmes the shock It has been shewn then, that by meaus of 
this apparatus, tho astionomioal time of the first shock is recorded, as well 
as tho interval between the shocks, and the duration of each , thou nature, 
whether vcitical or honzontal is given, as also the maximum of intensity 
and, in the cose of houzontal shocks, then duection is indicated Pio- 
fessoi Palmien has it examined tlnee times a day, and an assistant obseivei is 
always at hand to hem the bell, and put back the appaiatus to its noimal 
position for fresh observations It appeals that itrecozds all the vfblent shocks 
that occui in the Mechterianean basin — thus on the occasion of the late eruption 
in the Giook Aiohipelago, Pi Palmien was able to announce to the Neapolitans 
that a great distui banco had taken place, long befoie the news leached Italy 
The shocks m connection with Mount Etna aie readily observable 
It is recommended that wheie earthquakes aie fiequont the observatoiy 
should be founded on solid masonry, bedded m the eaith, and should consist of 
a wooden house not hable to he overthiown. 

The following signs of an appioaohmg eruption aio oonsideied lehable 
First — 'When the crater fills up and the vapoui fiom it diminishes m 
quantity 
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Secondly — When the vapouv from tlio ciatcr gives much deposit ot non oi 
sodium 

Tliudly — When the watei siuks in soma of tlio spungsof tho nughbouihood. 

The phenomena moie ncmlv preceding nil eruption are the ocuiumco ol 
eaithqunhes, lnciensmg in intensity and fiequencj foi some dais hefoiehnnd, 
also the nregulanty of tho diurnal venations of the magnetic needle. One of 
the lemaikohle attendants of an eiuption (which may he abscised to a lcssci 
degiee whenever tho mountain is steaming much), is the frequency of lightning 
flashes, coiiBidcicd by Pi Palmien to he due to tho condensation of the vapom of 
water fiom theorater, just asm an ouhnnrj thundci storm, lightning occurs at 
the time tho vapoui is condensing, as is proved by tho 1am that follows , this 
too would explain the action of Armstiong’s hydio-electuc machine, which has 
been thought to bo due to the friction of the particles of v apoui escaping tluough 
an onfioe 

In addition to these phenomena of Vesuvius, the volcanic activity of tho 
distnot is shown by a giadual rising of part of the cotnd of tlio hay near 
Torre dell’ Annunziata, where there is aheady an alteration of sevoial feet, 
while on the other side of Naples, at Pozzuoli, the pavement at the edge of the 
harbour is sinking below the level of the watei, and the pavement of the temple 
of Jupiter Serapis had m the spring of this yeai (1869) sunk about 16 inches 
lower than m 1868 

The anangement of Daniel’s battery used for the seismogiaph, is shown in 
Fig 4, wheie, foi convenience of cleaning, tho copper element is made of wire 
(about 8 B.W G ) coiled flat without touching. Crystals of sulphate of coppei 
are placed at the bottom of the outer cell, mto which water is poured , and tho 
inuoi cell, into which the zinc plate goes, is filled with wliraons sand. 

Chatham, 28th August, 1869. 


T. F. 
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FRENCH TELEMETERS, 

At the Parts Exhibition of 1867. 


BY LIEUT. MACGREGOR GREER, RE 

Wo nio at piesent engaged in building veiy expensive foits along our coast, 
and arming them with poweilul guns, manufactuicd with such beautiful pre- 
cision that they aio capable of hitting objects at known distances ■with a cei- 
tainty scarcely ciediblo. The ranges too at -which these guns can be effectively 
used aie very gieat, and the difficulty of guessing these longei langes 01 
accuiately determining them by the old methods of land mails 01 buoys is pio- 
Xioitionately incieased This being tho case, it only remains foi us to find the 
means of measuring rapidly, and with a certain amount of accuiacy, the dis- 
tance to any objeot, suoh as a distant ship, which the defoudeis of a foit may 
wish to hit This may be done m either of tho following ways — 

1st —By ineasuiing s'multaneously two angles hom the extiomity of a mca- 
suiod base and then solving the triangle. 

2nd— By observing from a point of known altitude above the sea, the 
inclination of a visual lay dneoted upon the lino of floatation of a ship. 

3id — By employing an instrument adapted for one obseivoi, consisting "of 
a telescope, and of abase, receiving at its extremities rays coming horn theBamo 
point of a ship 

The advantages and disadvantages of most instruments employed for the 
above purpose have been investigated tboioughly by Captain Gautiei of tho 
Fiench Aitillery, and those decided upon by him as being the best aie the 
following — 

1st. Anangements required foi measuring simultaneously two angles from 
tbe extremities of a measured base, and then solving tho tuanglc 

This method of measuring distances is called “ telemetiography," and is em- 
ployed when tho coast batteries aie sufficiently close to each othei to observe tho 
same ship The distance between tbe battoues must be known, they roust be 
connected by at least one telegraph wire, and two observers are requited to take 
tbe angles. We will fiist desenbo the principle by which the distance is ob- 
tained, and then show how it is coined out in practice 
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Lot A and B Fig 1, be two coast battenes close togethci , the foiraei 
being that fiom which we wish to measme the distance of a ship Let a and 
5' lepiescnt two telescopes which tiun round then centies on veitical limbs, 
placed at two ends of the measured base , let tho lino a h lopiesent a ceitain 
proportion of the wholo length of tho base, say -j^th, and suppose that theio 
is an index arm at the point b, capable of revolving in a houzontal plane 
lound its centie, and so constructed that it always moves painllel to the teles 
copo at V , then it is evident that if obsoivations be made at tho same moment 
from both ends of the base upon the same point of a ship, tho tnnngle ala 
will be deteinuned, of which tho side a c, will be xi) Vo^ 1 of the distance 
lequired 

The pioblem therefore simply lesolves itself into fludmg tho means by which 
the index arm b at tho foit A can be made to movo, so as always to keep 
paiallel to the telescope b' at the fort B 
Now we know that if the handle of a mampulatoi , auanged with a simple 
electrical combination, at M be moved xound tbe fiactional part of a turn, tho 
needle ot tho mdicatoi at R, will, m vutue of the senes of short eunents thus 
passed along the conducting wire, turn thiough the same quantity oi arc of a 
cucle, so that if the handle of the mampulatoi caa occupy 20 equidistaut posi- 
tions on its dial plate, the needle ol the mdicutor may be made to occupy 20 
corresponding positions 

Again, if the handle of the manipulator he connected with tho telescope b’ 
hy an anangenieut of toothed wheels, eo that each twentieth of the total cncnni- 
ference desonbed by the handle produces a movemont of two minutes of a 
degiee m tho telescope, and the needle of tho indicator R be connected with the 
index arm l by means of a similar airangement of toothed wheels to that em- 
ployed at the foit B, it is evident that any motion given to the handle of the 
mampulatoi M will pioduce a similai movement in both the telescope b‘ and 
the index arm b, with the diffeience that the lattoi will peifoim its angulai 
movement by a series of small angles of two minutes each 
We have thns an anangement hy which the index aim b can he made to 
move paiallel to tho telescope S' as long as the handle of the mampulatoi is 
turned in one direction , it only lemains, theieforc, foi us to show how it cun bo 
made to move m the opposite duection This is done bypassing the ciinent 
thiough n system of two electio-magnets, with then conti aiy poles opposite 
one another, and having a peimanently magnetized aimatuio playing between 
them, as shewn in Fig 2 \ by changing the duection of the cuirent tho polai ized 
aimatme moves fiom one electio-magnet to the other, and alteis the merswg 
geai of the machinery, connecting the mdicatoi with tho index aim h, thus 
causing the latter to move in the opposite duection 
To complete a description ol the appaiatns, it is only necessary to say, that 
the telescopes a, and b' and the index arm b should move upon circulai gia- 
duated plates, numbered m the same duection, and that the sinnlai numbers of 
each should he in the same lelative position with refeienoe to the mendian 
We will now suppose that the two iolts A and B, between which the base is 

Q 
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measuied are connected by two wneg, that they each have an eicctne battery, 
indicatoi, and manipulator, and an alaium, and that the arrangement descubed 
above has been completed 

If the obseivei at Fort A sees a ship the distance to which he wishes to 
asceitam, he signals to B tho description of the ship, and the pait of it on 
which ho is to direct his telescope,* to avoid taking sevcial turns of the 
handle of the manipulatoi, B places the telescope loughly in the ducction ot 
tho ship, and telegiaplis to A to place the index aim b on the couespondmg 
number of its graduated arc, so as to get it paiallol to the axis of the tele- 
scope V 

The obseivci B then follows the movement of the ship tlnough tho telescope 
V by ruining tbe band of the manipulatoi, if the slup moves to the light he 
puts the wire to the positive pole of the battery, if to tho left, to tho negative 
pole At the same time, the obseivei at A also follows the movement ot tbe 
ship through his telesoope, so that at each moment tho tiiangle a b c (and 
consequently the required distance) is determined, and is found on a scale that 
is diawn outbefoiehand 

2nd —Wo now come to the second method alluded to, viz , by means of an 
instiument for obseivmg from a point of known altitude above tbe sea, the 
inclination of a viburI iay directed upon the line of floatation of a ship, and 
thus determining her distance 

It is not woith while to desoube any of the instruments pioposed foi moasiu- 
mg in this way, as they aie all so seiy imperfeot It is almost impossible to 
constiuct an instiument capablo of meosuting the amount of refaction, which 
should be taken into account m calculating the distanco, owing to the fact of 
its vaiymg so much undei the evei varying conditions of the atmospheie 

As legaids the 3rd method, by means of au lustimucut adapted tor one 
obseiver, consisting of a telesoope and a base, leoemng at its extiormties lays 
coming fiom the same point of the ship 

Telemeters, as at present made m this country, are veiy faulty in construction, 
foi the following lensons — 1st They consistof mirrors or tuangular pusms pro- 
ducing only one reflection, consequently, if the instiument happens to bo bent 
eithei by nugulai expansion or contraction (which, to a coitam extent, always 
takes place on a sunny day) or by a fall, the angles of inclination of the faces 
of tho cxtieme mmois or pusms with the base become changed, as shewn m 
Fig 3, pioducmg anything but a collect result, when a distanco is measuied in 
this way 2nd The miciometno anangements adapted by opticians for 
measuuug the angles aie mechanical, and cannot he depended upon for any 
length of time 3rd. Any disanangement of the object glasses produces an 
enoimous error in tbe length of the line measured. 

The French telemeteis, as recommended by Captain Gautier, avoid the above 
disadvantages (and consequently all adjustments) by the employment of pusms 


* Some general rule with lefereuce to the part of the slop to 
such cases, as for example, all angles may he taken to the foiomast 


he observed la usually adopted in 
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of double lefiection instead of minors, and by the enlargement of the moasuied 
angle by a puiely optical anangement, instead ot a mechanical one 
Two telemeteis on the above pnnciple have been constiucted in France, 
the one with a veiticnl base, the other with a honzontal one We will not de- 
scnbe thefoimoi foi the following leasons 1st In consequence of the errors 
already alluded to, which wise fiom refiaction, these are much gieatci even 
for a base of ten feet than is geneially supposed 2nd Because masts of ships, 
flagstaff's, bouses, &. c , m fact, vertical hnes geneially, being usually moie dis- 
tinct than honzontal ones, gi eater accuracy is obtained by the lnttei method 
The horizontal telemeter consists of two pusms of double reflection (A and B) 
Fig 4, placed at the evti emities of a tube, m the centre of which aie two 
isosceles tuanguhu prisms The luminous rays aie reflected from these to the 
object glass L of a telescope magntfymg about twenty times These rays aie 
afteiwaids conveyed through two sheets of glass, the one moveable, the other 
fixed , the coincidence of the two rays ot the same object is obtained by incli- 
ning the moveable plate, and a needle indicates upon a giaduated limb the corres- 
ponding distance 

The angle desenbed by the needle is about 250 times greater than the angle 
measured, and foi that lenson gient accuracy in the lesult is said to he obtained 
The instrument is oapable of measuring distances from 100 yards to 6,000 yards 

M. G 


PAPER IX, 

NOTE ON THE COST OE A SOLDIER. 

By CAPTAIN PERCY SMITH, R.E 

In Vol. XVI , pages 87, 101-4, of the Coips Papeis* an endeavoui was made 
to shew that a soldier employed on woits repaid to the country, each day that 
he was so employed, noarly all that he received, which lattei was found, by a 
process f- therein detailed, to he — 

For a soldiei of R E 2s, lOd per diem £51 18 6 per annum. 

For asoldiei oftheLine2s 4Jd „ ... .. 43 12 5 „ 

And it was expressly stated that these amounts did not include anything for 
cost of officers, hospitals, transport, leoreation, &c 

* Notes on military and convict labour, by Captain Poicy Smith, R E 

t This was merely the calculation by Qunrtermastoi Connolly, published in the "Military 
Opinions” of Sir John Bnigoyne, expanded and ooneotedformodom rates of pnj.&o 
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In fact, they iepresent only the pecuniaiy value to tho aahliei of his situation 
It has been objected that those sums appeal too low, and an ofileoi wntes — 
"Everyone knows that a solihei costs £100 a real ” 

This appeals by tho newsp ipcio to bo a gcnoi il idea , it is aimed at In 
dividing tlio total amount of tho 011113 estimates (about li millions) bj tho 
numbei of soldieis in tho icgubn aimy (about 110,000) 

Such a 1 ough calculation loads, howcvei, to an enoiicous impression, ns the 
avmy estimates meludo piousion not only tin. 1 cqidai sohlieis, but also toi 
Militia, Yeomanry, Yoluutecis — stoics for all those — heavy guns — tho niauufuc- 
tuiing departments, aud even for tho civilians on the ovdnanco suivoy 1 
In oi del to chock the accounts givon in the papoi above rofeirod to tho wutei 
has raado an analysis of the oimy estimates foi 1803 7, thus amving at tho inhu- 
mation by an entnoly diffment piocoss, and as tho subject may bo of some 
geneial interest he appends the result (See Appendix ) 

Tho estimates foi 1866-7 have been chosen as representing the normal condi- 
tion of tho aimy ostimates, being cleai fiom expeuditiua connected with the 
Abyssinian War and othei complications. 

From the analysis in tho appendix it will bo seen that tho items composing 
tho army estimates may be divided into foai classes 

1, Those foiming tho direct emolument leceivod by the soldier— the pecuniaiy 
value of his situation 

2, Those conneoted with admmistiatiou, discipline, &e, necessaiy foi tho 
soldiei, but fiom which he deuves no pecuniaiy advantage 

3, The chaiges for foitifications, heavy guns, &c , which, though pmt of tho 
defenco of the countiy, hardly foi m a poitiou of tlio cost of the soldiei himself 

4 The chaiges foi the auxiliary forces, tho oidnanco siuvcj, &o , which 
really do not bear on the ooBt of tho legulai soldier at all 

The statements m the succeeding paragraphs show in the first oolurnu tho 
heads of expenditure as giouped in the analysis (see appendix), and 111 the 
second column the amount of this expenditure pa man when divided among 
the combatant non commissioned officeis and lank and filo of the regulai anny 
The items of the 1st olass aio — 

Amount [ipi Comlinlnnt 
Heads of ExponcUtuio Saldiu o£ Heguliu Aimi 

£ S d. 

Pay, non-com officers and rank and file 27 12 9 

Food (beyond what the soldiei pays for xations, inclu- 
ding cost of issuing) .439 

Clothing ,, . ... 373 

Pensions of non-com officers and lank and file ... 9 ( 0 ) 

Lodging-money, fuel, light ... 2120 

£47 0 9^ 

This is the average pecuniaiy value of a soldier’s position, taking all legi- 
ments together, from the senior sergeant-major to the youngest drummoi in the 
aimy. It will be seen that tins amount docs not differ materially from the 
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moan botwoen the oost of a sappei and that of a Lino solcUei, as given in the 
papei above lefeired to The value of tho position of a private mthe Line has 
been estimated at about £39, but tho ostimate gnen above includes all non- 
commissioned lanhs and all bianchos of the seivice, wlucli accounts foi the 
diffeience 

The items composing the seoond class ate — 

Honda ol Evponditiuo 


Soldioi of^Regulni Annj 


Pay of offioeis ... , 

Pensions &c , of officers .... 

Recruiting . . 

Hoises . . 

Iiistiuotion, recieation . ... 

Hospitals and medical office! s .. 

Divine sei vieo . . . . 

Maitial law (aftei deducting soldiei’s fotfeited pay) , 

Aims and accoutrements . . ... 

Lodging-money, fuel, light, for officeis, both rogimontal 
and depaitmental, additions and repans to banacks 
Allowances in colonies foi offioeis of legiments and 
departments to cover high puce of provisions, &e 

Miscellaneous . . . 

Movement by land 

Admimstiation (Wat Offioe and Hoise Guards) . . , 
Supeiannnation of civilians ... 

Total . . 

The thud class compiises the following items — 
needs of Expouilitluo 


10 12 0 | 
5 12 8 
0 11 0 
3 8 10 
0 16 10 
3 18 
0 6 3 



Amount pel Combatant 
Soldici of neguUu Aimy 
£ a d 


Fortifications and military store braidings . 

Manufactuiing Departments . . 

Militaiy Stoie Department and stoies 

Total 

The items totally unconnected with the cost of the i egular soldier, and form- 
ing the fouith olasB, are — 

Amount poi Combatant 
Heads of Expenditure Soldioi of Hegulm Army 

£ s. d 

Auxiliary forces 10 4 2J 

Non-effective Auxiliary Foices 0 42 

Ordnance sravey 0 12 2 


Total . 


. £11 0 0i . 
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Taking all Hie items together, wo find that the total amount voted divided hy 
the number of combatant non-commissioned ofiiceis and soldiers in the regular 
army, gives £105 13b O^d, as the cost of each, including his proportion of 
eveiythmg m the estimate— auxiliary foiccs, heavy guns, surveys, &o 
It mil he seen, moreover, that tho 131 millions ot the estimate provide for 
129,347 Regular tioops exclusive of officers and non-combatant branches. 
130,243 Militia ditto 

15,991 Yeomanry ditto 

156,216 Volunteers (efficient) 

13,242 Pensioneis (enrolled) 

62,733 Out pensioners of Chelsea Hospital 
759 Pensioners from auxiliary foiccs, 
x Supeiannuated omlians, pensioned offiems, widows, &c 
Therefoie £105, instead of lepiesenting the cost of one combatant legular 
soldier only, leally covers the expense of— 

1 Regular soldiei 

1| Soldier of militia or yeomamy 

1| Volunteer. 

nearly 1 Individual (being either a retired officer, a pensioner, supei- 
annnated civilian, or widow). 
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In the following table the amounts voted aie grouped, for convenience, undoi 
different heads from those given in the estimates 
In the fourth columu are shown the sums repaid from vanous souioes, for 
example, by cadets for their education. 

If the total expenditure he divided by the number of men, including non- 
combatants, in the regular aimy (whioh is the usual way of arimng at the 
sum of £100, as the annual cost of a soldier), we have a sum of £104 7s. Old 
as the pioportionate charge for each man, including his share of everythin* 
m the estimates, auxiliary, forces, suivey, &o. 

The table shows how muoh of this charge of £104 7s. OJd. is due to each of 
the great itoms on which expenditure is mcuned. 
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The foregoing statement shows the expenditure on the different items divided 
among tho whole of the non-commissioned officcis and lank and file in the 
regular army, including the Ai my Hospital Coips, the Commissanat Staff Corps, 
and the Military Store Staff Coips, but as these aie not combatants then oost 
should he chaiged to hospitals, food, and stoies lespoctively 

When this is done* the propoition of the items of expendituie to be home by 
each combatant soldiei of the regular aimy will ho as follows — 

Amount por Combatant 
Heads of Expenditure Soldiei of Regular Army 

Pay (non-oom officers and men) 27 12 9 

Pood (including cost of Commissanat Staff Corps) 4 3 9 

Allowances to officers in lieu of provisions 0 15 5 

Clothing 3 7 3 

Offioers’pay ,, , 10 12 Of 

Lodgings, fuel, light, barracks, &o 7 IS 4 

Recruiting . . 0 11 6 

Hoises , 3 8 10 

Instruction and recieation 0 16 10 

Hospitals (including Army Hospital Corps) S 1 8 

Divine service . . . .... 063 

Military law (deducting foi felted pay) 0 3 0 

Miscellaneous ... 013 1£ 

Movement of troops inland 0 IS 11 

Administration , AVai Office and Horse Guards . . 112 6 

Foitifioations and Military Store Buildings 2 8 9 

Manufacturing department ... 789 

Arms and accoutrements . 047 

Stoies, including Militaiy Stoie Department and Militaiy 

Stoie Staff Corps ... 2 12 10 

Auxiliaiy forces . . . 10 4 2| 

Non-efleotive , Officers. , .. ...... 5128 

Non-com officers and rank and file . . . 9 5 0) 

Civilians ... 1 0 8£ 

Auxiliaiy ... 042 

Ordnance Suivey . . 0 12 2 


Total amount per Combatant Non-com. Officei and pu- 
vate of legular aimy £106 16 0J 


* Tills double operation 1b necessary, In oidei that the whole oost of tho Array Hospital Coi pa, 
Commlssaiiat Staff Corps, and Military Stoie Staff Corps, including clothing, lodging, &c , may ho 
chaiged to hospitals, food, and stoies respectively 
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PAPER X. 

ON THE STATICAL PRESSURE PRODUCED BY THE 
IMPACT OE A PALLING WEIGHT 

BY LIEUTENANT ENGLISH, RE 


1 . — In the course of the yeai 1867, it was found, by the officers of Royal 
Engineers engaged m the construction of non defences, that aimoiu holts, 
although made of non which well withstood the oidinaiy tests, sometimes 
failed in an unaccountable manner, and it was detei mined to try whethei they 
oould be tested in a way moie reliable, and more resembling actual practice, 
under the blow given by a falling weight 

2 — After some experiments, the apparatus shewn in Figs 1 and 2, plate I, 
was devised, and elected at the vaiious oontiactors’ works It consists of a 
cross bai, suppoited firmly exoept at the conti e, and provided theio with a hole 
fitting the head of the bolt E, to be tested, which hangs vertically fiom it A 
blook, D, also with a hole thiough the centie, suiiounds tlio lowei pait of the 
bolt, and is suppoited by the nut , veitiosl pieces, C, C, lest one on each end 
of this block, and these use up above the level of the oross bar. Another blook, 
B, lestmg on the uppei ends of the veitioal pieces, completes the apparatus , 
and a weight, A, moving between guides, is allowed to fall veitically upon the 
last mentioned block, the impaot being tiansmittod thiough this and the ver- 
tical pieces, to the lowei block, and thence thiough the bolt to the suppoits 
The bolts tested aio geneially about two feet long and neatly tlueo inches 
diametei, and when of good quality, it is found that a weight of one ton, falling 
through a height of thuty feet, will pull one of thorn in two m six oi sovon 
blows. This appaiatus is now legulaily employed for testing samples of all 
aimom bolts mado foi the Wai Depin tmont, and a copy of it, lecently eroded 
by the Admiralty, is, I believe, to be seen in Chatham Dockymd. 

3 — In the couise of the expenments made with this apparatus, it was, how- 
ever, noticed that many moie foot-tons of woik weie always applied to bleak a 
bolt, than the numbei which it would give out before bieaking, under the steady 
strain of a hydiaulio testing maohine It was also noticed that the work accu- 
mulated in one heavy blow was much more effective than the same amount 
applied in a numbei of light ones, and that any mciease m the mass of metal 
intei posed between tho falling weight and the bolt appealed to lossen tho effeot 
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upon the lnltoi Fiom these, and vauous othei indications, it was judged that 
a eonsidei able amount of the woik applied was absoibed in the mass through 
which the blow was tiansrmtted to the bolt 

4 — In oidei to obtain a moie accuiate knowledge of the amount of work 
and of tho gieatest piossuie applied to a boltundei this test, it appealed desi- 
lable to attempt a mathematical investigation of the subject, and the calculations 
in the sequel weie made to obtain, appioximately, the conditions of motion 
of a body stiuck by anothei, moving with a known velocity It is hoped that, 
if they should be borne out by cxpei lencc, lesults may be deduced fiom them 
which will he useful, not only m the constiuction of aimour holts, but also in 
questions lelatmg to the insistence of nimoiu plates, and, geucially, to the effect 
of a livo load on any piece of construction, such as a gudei or budge 

5 — In oi dei to obtain the appioximate lesults m as simple a foim as possible, 
seveial assumptions, not strictly couect, have been mado, as follows — 

(1 ) — The mass of each body is supposed to ho collected at its centie of gravity, 
thus assuming that a body of any length consists of that length of an elastio 
substance without weight, with a heavy pai tide of the same mass as that of the 
body, at tho centre of its length 

(2 ) — The tiansvcise elasticity of bodies has been left out of consideiation 

(3 ) — The elasticity of wi ought non, which is the only substance lefeued tom 
this papei, has been taken fiom expeurnents mado foi the Wai Department 
in Mr. Kukaldy’s hydraulic testing machine , the compressions oi extensions 
undei similar piessuie or tension, howevei, natui ally vary in oveiy sample 
tested, as shown by the thin lines in plate II, wheie the oidmates repiesent 
piessuies or tensions applied, and the abscissa repiesent the couesponding 
alterations of length 

Tho mean values assumed in this papei aie shewn by tho thick hues iu tho 
same plate, and aie obtained by supposing theiatioof alteiation of length duung 
extension oi eompicssion to the foice applied, to be constant up to a oeitain 
foice, whilst, on the application of any gieatoi foico, the amount of alteiation 
of length, added to a constant quantity, is asBumod to beai anothei fixed latio 
to tho force applied 

(4 ) — The elasticity of non is assumed to be peifect, as fai as tho oaloulations 
are concerned , that is, all the work which disappeais in the form of heat is 
assumed to he lost duung the lotuin of the extended or compi eased body towaids 
its original shape As the calculations to obtain the gieatest piessuie under 
impact are only concerned with the ohange of a body from its nattual shape, 
and not with its return, no account has been taken of thewoik which disappeais 
m this manner. 

6 — If a rigid mass, moving with a given velocity, stuko an elastio body of 
known mass, which is perfectly free to move, sons to compress oi extend it, it is 
required to find the alteration m length of the elastic body at any time after 
impact, and also the velocity of such body, first, on tho assumption that the 
compression or extension of the elastic body vanes dueotly in a given ratio with 
the piessuie oi tension applied. 
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Lot the -velocity of the stalking bod 1 * bo Uo 

j, the mass of the stalking body „ . , m 

„ the mass of the body struck „ , n 

„ the aiea of tho body stiuck „ . . A 

„ tho extension 01 compression pi oduced m 
the body struck by a force E per unit 
of nroa „ . I 

„ the i elooity of the Btukuig body at nny 

time t after impact „ u 

„ the Telocity of the body struck at tho 

tame t „ v 

Then the compiession of the elastio body at nny 

time t after impact 18 ^ 0 (** — v ) & 

The pressure at any time t tending toacoeleiate the mass a iswi^, and this 

dt 

must be equal to the pressure retai ding the mass m, — m J?, and also equal to the 
pressure produced by the compression or extension of the elastio body. 



and n ~ =. f * (« - e) dt 

dt l Jo 

Integrating (1), 

»t (Uo — ft) = nv 
and u = m — nv 

Substituting this value In (2) 



difterentiatmg, 



( 2 ) 


(3) 


(i) 


which is of the form 


d*v . , 
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but if 



= 0* (fl — V) 

bonce equation (4) will be satisfied If 

and since when t s o, v = o, 

i = ^T~n V 0 
and 

substituting this value of v in (S) 


« - V ss U 0 oos^EA to + « < 1} 

And the compression or extension 

= ^ u 0 oos/2^^Ll J , « 

- tj /Z™ZEZ ^ /BA . + s ( 

~ %/ (to + »)EA %/ f to n 

this Is a maximum, when 

Sta ./ir '= 1 = sin i 

hcnoo maxunum alteration of length = Vo^j E 
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and tune fiom impact of maximum iltciation of length 

_ 5 / z^r 

2-v/ c»i + >0 EA v 

thepiessiiieproducedbythemnxiimimnUeiationoflength — ^ X max ah oi at ion 

= V 0 J~~ X (10) 

It is evident that at the time of gieatest alteration of leugtli the tuo bodies must 
be moving with the Bame volocity , henco u — v, and substituting m (3) 

i .i m U 0 — n x common lulocitv 
common velooltv = — — 


When tho bodyi supposed to bo perfectly elaslio, letums to its original shape, 
after alteration, tve have 




“7r 


ts.Tr/ mn l _ 

V + » ®A 

substituting this value m (6) and (G) 

velocity of n = m — u o (1 — cos ir) 


»i+?t 0 

velocity of m = —5— — ( m n 


b ? ese valu0S ‘^ lC0 wlth *>*» ftima by expei nnents on the impact of elastic 
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If the elastic body have any -velocity Vo befoie impaot, the value U 0 — V 0 must 
bo substituted foi Uo in all the above equations, and the common velocity mil 
become 

= - r ®-- t (u 0 -v 0 )+v 0 

= ir5» u «» + inr» v - (») 

7 If, in the last section, the elasticity of the body stiuck bo assumed to bo 
such that the extension or compiession vanes directly as tho foico applied m a 
given ratio, up to a force E, per unit of nica, which pioduces an extension or 
compression l , whilst beyond this point the alteiat.on added to a constant 
quantity vanes dneotly in anothei latio with the foice applied, as m Plate II 
If U fl be such that the maximum mutual pleasure is less than E A, the prob- 
lem will be the same as m section 6, but if the maximum pleasure is greater 
than E A, let be the time elapsed fiom impact befoie the mutual piessuio 
becomes equal to E A. 

Let the velocity of m at this instant be , •• u i 

and the velocity of n . v t 

Then by equation (7) of section 6, 

Vstw <» 

and substituting the value of obtained fiom this in equations (5) and (G), 
section 6 



If, now, l ho the sum of the constant quantity aheady refened to and of the 
actual compression of n undei a foice EA, the condition of n will evidently be 
the samo as that of an ideal body of the same moss and dimensions, iu which 
the alteration of form vanes dneotly as tho foice applied, a force, EA, pio- 
duomg an alteiation, k, and the pioblem will be solved by determining the 
ongmal velocities of m and n, which will on this supposition pioduco, at a cer- 
tain point, the respective velocities « t , v v and the alteiation of length k 

If U,,V,, be the required original velocities, t h the time whioh has, under 
the above supposition, elapsed fiom impaot, befoie tho alteiation of length k is 
pioduced, 
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but &om equation (6) section 6 

= ro,-T, 1 /i-s».yf a±Ji K 
squaung, and substituting from equation (4) 

Oq-^^OJ.-Vo’-EA (S) 

from which U, — V,, can be determined The time t k can bo found by sub- 
stituting this -value in equation (0) section 6 
If v h be the velocity -which » would have had if V, wore nothing, from 
equation (5) section 6 

a- ^(' , '- v 0( , -~y?^ r E) <8) 

but the actual volooity of » at this point is i> l , hence V, — v t — (7) 

and U, can be obtained by substituting this value in equation (5) 

The maximum mutual piessuio Will = ^U, — V r ^ ^ n "T~ W 
and tho common velocity accompanying this will 



8 If the striking muss m in sections 6 and 1, instead of being rigid, bo 
composed of a substance which is compressed or extended by a length 7i on tho 
application of a foice G to each unit of area, the other conditions being the same 
ns in sections 0 and 7, let B and A bo the lospective areas of tho masses 
m and n Then if u, v, xo, be the lespeotive velocities of tho cenhes of gravity 
of m and n and of then touching suifaoe, at any time t after impact 
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Hence GBZ ^ vdt — GBl ^ will =z EAA ^ wdt — EAA ^ rtU 

GBZ ^ vdt + EAA ^ vdt =. (GBZ + EA/i)^' wdt 
and ^ wdt = GB7 ^ vdt + EAA ^ vdt 


and substituting Una value of\ ndt, 


■I* 

§®C* (it — n)dt = r _ u) dt 

h Jo GB7 + EAAJ 0 ' 


and from equation (1) 


(u — v ) dt 


dt dt (GBZ + EA)/i, 

From this it appears that the equations giving 1 the conditions of motion in 
this case may he obtained from those found in sections 6 and 7, by substitu- 
ting for the expiession of the foxm , one of the foim 

Making this substitution, we obtain from section 6, where the elasticity of 
the body stiuok follows a uniform law, 


V 0 fl- cos / ABEG iv_±n 
l-» °\ -J (GB2 + EAA) mm 


i_ „„ / ABEG 

h 4/ (QBH-EA/i) 


-, = H 0 cos/ ( -- 


(1) 

(5) 

( 6 ) 


£ (U -v)dt = 


/ ABEG 
>/ (GBZ-i- : 


J m+n) 
EAJ)»« 


_TI f mm A B EG 
“ v «' + » (« B i + TEXii 
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- U f i „ eos A_ AliL, V 
‘ °V V/GBJ + Eil 

/ , „ / ABEQ 

4 m+ V “G' Br + E 


ABEG_ » + » , Vlll 
GB Z + EA& mn 


Also the foico EA -will pioduco an alteration of length A, in the mass n , and 
at the same time an alteration -Qjf- m the mass m. Hence, for l, the expres- 
, E A h L . .. 4 , , , 


/ ABlG w+7i , _ GBft + EA7t /_ 
8m N / G B 7a + E A A GB (TJ, - V,),/ G 

EA /GB7. + EA7t m + i 
“ H, — V 1N / ABBG mn 


\ [ i „„ / ABEG w- 
VGBJ + EA71 1 

- (u — . v ) /mir 

*• 1 %/ GB7i + EA7t 


9 If a moss in, of aiea A, and ■which nndeigoes an alteiation of length 7, 
under a force E per unit of aiea, stnke a fixed rigid mass, 

Let U 0 he the original velooity of m, a the velooity at any time t. 


i -n%- = 5* C* „ 
* i Jo 


i7 s k . E A 
tit* + mT 


= 0 , 
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This equation, and the otliei conditions of the problem, 

are satisfied if 


(1) 

Tho nlttiation = ^ wit 


_ TI / ml /’ll A 

~ V e a V sr 

t (2) 

and this is a maximum tv ben = U„^y/ 

(3) 

The greatest mutual piessuie, accompanying the gieatest altoiation 


(4) 

If the iatio of the alteiation of length to the piessuie applied changes be- 
yond a piessuie E A, as in section 7, and if the maximum piessuie is more 
than E A, let u l be the -velocity, and t f tho time fiom impact at which the pies- 
suie becomes equal to E A, and the alteration of length equal to l 

then tr / 2*1 sin / t, = 

w E A V m l l 

: l 


(«> 

As in section 7, assuming m to bo a body m which a 
area produces an alteiation of length L, let U, be the o 

pressuic E pel unit of 
mginal velocity, the 

time which would on this supposition have elapsed tiom 

impact, 

Then, 


i =V8 h 

(6) 

fiom winch ti can be determined , and 


„ /EA . 

« Z = IT, cosy^ t k 

(7) 

. EA 

u J a = + sr 1 

(8) 
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The gieatest picssuio will = U,^/ m ^ ^ , (9) 

If, as m section 8, the fixed body be elastic, and suffei a change of length h 
undei ft piessuie G pei unit of its aiea B Then, as befoie, substituting foi 

E A AB EG 

— the expression AjiA + B Q| 

„ _ n nna /ZMMZTT * no , 

u ~ U » AE h + B U l m * (10) 

alteration of 1 _ u / w(AEft + B (f l) / A B E G 

length °J ABES a ",J/(AE/j + BGfj»t 

gieatest alteration = U 0 ^/ Gl> < 12 ) 

gieatest pressure = V 0 J ; (13) 

"Whilst, for pressures beyond E A 

*•-. + «• l »« 


■ Af+aai <M > 

10 The following calculation, to deteinnne appioxiraately the distnhution 
of pressure and work among the ranous paits of the bolt-testing apparatus, 
desenbed in section 2, will seive to shew the application of the pieoedmg 
foimulee 

The solution is appioximate onlj, on account of the complex natuio of tho 
notion of a senes of elastic bodies, stnkmg one anotliei, icndering it necessaiy 
to assume some aihitraiy conditions, and it is aecoidmgly supposed that the 
whole expendituie of woik in each impact ib confined to tho two impinging 
bodies alone, and doeB not extend to the otheis of the senes , and fuitlier, that 
each body, after being stiuek, and befoie stnkmg tho next, regains its original 
length 

The falling weight, and the whole of the appaiatus, except the bolt, are made 
of aimoui plate non, and aie of the following dimensions— 

Falling weight A 30X1 *5x10 feet 

Block B 16x06x00 „ 

Yeitical pieces C 06x00x12 „ 

Lowei block I) H X 06 X 015 „ 

Bolt E 0 23 diam X 2 0 „ 
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The weights being Tons 

A 100 

B 0 1421 

C 0114 

D 0161 

E 0 0184 

And the consequent masses, that of 32 2 tons being the unit, foi 
A 0 031 

B 0 0044 

C 0 00354 

D 0 005 

E 0 00057 


Then wo have, first, A striking B, with a given velocity of 44 feet per second, 
and consequently with an eneigy of 30 06 foot-tons, 

Fiom plate II, it will be seen that aimom plate non is compiessed 0 00868 of 
its length, by a pressme of 1000 tons on each square foot of area (This cones- 
ponds to a compiession of 0 01 ol its length, undei a pleasure of 1152 tons to the 
squai e foot, oi 8 tons to the sqnoie inch ) 


By equation (8) of section 8 
maximum pleasure on common suiface of A and 


V 


ABEG 
GBL + EAA 


Also, tho distance ot the centie of gravity of A fiom the suiface stiuck is 1 5 
feet, and tho couespondmg distance m B is 0 ,1 feet , and the aieas of A, B aie 
1 5 and 1 0 sqnaie feet respectively Henee, calculating dimensions in feet, and 
pressuies in tons, 

AB 3 Q 1 0 X 1 5 X 1000 X 1000 

UBl + EAJ 1000 x 1 6 X o 008C8 X 0 3 + 1000 x 1 0 X 0 008GS X 1 5 


maximum piessure between A, B, =: 44 0 X \/O0039 X 88778 
= 821 04 tons 


Also, from equation (11) section 6 

common velocity = — 


— 38 5 feet pei second 
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The maximum compiession of A 


0 OOSfiS 
1000 


jJl 01 x — = 0 00085 fi et 


Tbo uoik stoicil in A 


1 04 X 0 00085 


= 2 hH foot toils 

Similarly, maximum compiession of B = 0 0024 feet 

U oik stoied up m B = 0 086 foot tons 

Next, we have A and B, moving with a lolocitj of 38 5 feet pci second, and 
a stoied-up eneigy of 26 28 foot tons, sti iking 0, and in a similar mnnnci may 
he found 

The maximum pies=uio between B,0, = 508 0 tons 
Maximum compression of B = 0 001045 feet 

Foot-tons absorbed in B = 0 406 

Maximum compression of C = 0 00667 feet, 

Foot tons absoibed in C =1 896 

Common velocity of A,B,C, = 35 0 feet 

Stoied-up energy in A,B,C, = 23 9 foot tons 

Similaily, when A,B,C, strike D 
Pleasure between C,D, = 600 5 toils 

Compression of C = 0'007 fort 

Foot-tons absorbed in C = 2 10 

Compiession of D = 0 002 feet 

Foot-tons absorbed in D = 0 60 

Common velocity of A,B,C,D, = 31 04 feet 

Stoied-up energy = 21 20 foot tons 

On A,B,C,D, striking E, 

Piessuie between D,E, = 512 tons. 

Compression of D = 0 00016 feet 

Foot-tons absoibed in D = 0 005 

Compression of E = 0 01035 feet 

Foot-tons absorbed m E = 265 

Common velocity of A,B,C,D,E, = 

Stored-up eneigy =s 

The whole of tins stoied-up eneigy is now absoibed, 
bi ought to rest on sti iking the supports 
Ei Dm the mean of seveial expenments, it appears that tlie supports yield 
0 0208 of a foot undei a pressaie of 20 tons , also, fiom plate II, it will be seen 
that the bolt, being 2 foot long, will extend 02 feet undei a pleasure of 1152 
tons on the square foot, oi of 49 3 tons on the aiea of the holt , at this, point 
the latm of extension to piessnre changes, and under a piessuro of 1872 tons to 
the squaie foot, or of 80 12 tons upon the aiea of the bolt, the extension is 0 4 
feet. The mass of A,B,C,D,E, is 0 0446 


20 93 foot tons, 
on tbo appaiatus being 
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From equation (11) of section 9. 

If t ( be the time at which tho piessuie is 49 3 tons 


Alteration of length 


= U oJ m 


E & + B G Z) / ABEG 
ABEG m (A E A + B G Z) ‘ *1 


and alteration of length of bolt — 0 02 
alteration of suppoits = 4J 3 

= 00512 

Total alteration = 0 0712 


ABEG _ 20 X 19 3 

A E h + B GZ “ 493 X 0308 + 20 x 02 

= 691 93 


)0 l/i 


ABEG 
(AEH BGZ) 


From equation (10) section 9 


•90 


= 80 61 X ’90 
= 29 414 


From equation (14) section 9 

„ „ , E«A* GBft+EA/t 

U i - “i + to ABEG 


Mj’ = 865 183 


and if GB = EA = 49S 

*' = (80l2^498j (04 — 002) 
= 0 608 
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h 


0 0613 


0 0208 x«3 
20~ 


EA* . gbi + eaa, 

m ABECt — 

■U ( *2= 866 183 + 728 4 
U =39 9 

Fiom equation (16) section 9 


Maximum pressure = U, / m , A? A® 

-V A E h + B G k 

= 72 89 tons 

Extension of bolt = 02 + (0 4 — 0 02) ^ ^ — 4 ~ a 3 ' 

= 031 feet 

Foot tons absorbed = 18 21 

72 89 X 0 0208 . „„„ , . 

compression of supports = ^ = 0 076 feet, 

Foot-tons absorbed = 2 78. 

From Plate II, it will be seen that a pressuie of 72 89 tons upon the aiea of 
the bolt, or of 1,703 tons upon the square foot, will pioduce a peimauent exten- 
sion 111 a bolt 2 feet long, of 0 13 feet. 

The moan of ten experiments in the holt-testing apparatus gives an obseivod 
peimanent extension, m bolts similar to that shewn m Plate I, of 0 12 feet, 001- 
respondmgto a pressuio of 1,640 tons upon the square foot, 01 of 70 19 tons 
upon the aiea of the bolt. 

T.E 


27 th September, 1869 
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PAPER XI. 

FRENCH ATLANTIC ELECTRIC 
TELEGRAPH CABLE. 

Bt CAPTAIN VETCH, Roxal Engineers 

Fiench conces On the 6th July, 1868, a concession was obtained by the Baron 
motion 1 ' of o* Emilo d’Erlangei and Mi Julius Reuter fiom the Pronoh Govern- 
companj ment, foi the laying telegraphic communication by a submanne 
cable between Prance and the island of St Pietre, a Piench fishing station 
off the coast of Newfoundland , and a fuither anangement was made with the 
state of Massachusetts to continue a submaime cable on from St Pierre to 
Duxbury Cove, neai Boston, Massachusetts, and on the 10th August, the same 
yeai, a company, having the titlo of the “ Sotietg du Cftble Transatlantique 
Piangais (Limited),’’ was mcoiporated in London, with a oapital of 41,200,000 
sterhng, to oariy out the project 

Conti not witii ® efole *he formation of the company, the concessionaires had 
tii o Toieginpli already enteied into a contiact with tho Telegiaph Construction 
andMatot™ and Maintenance Company, foi the raatiufactuie, shipping, tians- 
nanca Company p ort) auc j laying of the whole hue of cable, at a cost of £920,000 , 
and the new Piench Company was, theiefore, foimally substituted for the con- 
cession an es iu this contiact The whole woik of eonsti acting and lay mg the 
cable was thus placed m the hands of the Telegiaph Construction Company, 
which was bound by its contract to hand ovei the line laid complete, and m 
good iToikmg aidei after one month’s testing Tho Telegiaph Construction and 
Maintenance Company was formed some five years back to combine the works 
of the Gutta Peicha Company, in the City Road, London, with those for cables, 
of Messrs Glass, Elliott, & Co , at Gieenwich. These firms had carried out the 
constiuotion and laying of the Atlantio cables of 1865 and 1866, and, theiefoie, 
tfip Telegiaph Construction Company, as their successor, was most fitted foi 
successfully laying the new cable. 

Description Tho whole line was divided into two sections, separately con- 
oi cables tiacted foi, No 1 compiismg the length betweeii Blest and St 

Pierre; and No. 2, that between St. Pierre and Duxbuiy, Massachusetts. In 
eaoh section thiee descriptions of oable woio used; those in No 1 section, 
designated A , B, and C , and those m No. 2 section, D, E, and F. A and D wore 
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the mam cables of thou lespcetiie sections, B und F. tlio uitn mediate cildis, 
oi portion between the nnuu cables and the shorn ends, and (' uni F vine the 
shoie ends 

1st Section — BicUto St Pin i e 


Biest shoio end cable, C length 8 knots — weight 103 


Biost intermediate cable B 
Wain cable A 

St Piene intei mediate cablo B 
St Piene shoie end cablo C 

Total No 1 section 


107 „ — „ b(.8 

2G43 „ — „ t'KU! 

20 „ — „ 123 

10 „ — „ 203 

2788 „ — „ 0327 


2nd Section — St Piene to Du cbtut/. 


St. Piene shoie end oablc, F length 11 knots — - 
St Piene mtci mediate cablo E „ 33 „ — 

Mam cable D „ 700 „ — 

Duxbury intermediate cable E „ 21 „ — 

Duxbury shore end cablo F „ Ho 1 — 

a eight 182 ton: 
207 „ 

„ 2013 „ 

„ 333 „ 

,, 180 „ 

Total No 2 section „ 776 „ 

■> 2721 „ 

Qiand total „ 35G4 „ 

„ 8248 „ 


The length of the main cable of No 1 section (A) was consulciahly in excess 
of that actually requited m oidei to pioude foi accidents A mu oh "mallei 
mnigm was allowed in tho mam cable of No 2 sclUoii (D), as it was to bo m 
compai atively shallow watei, but foi this samo reason it was made proportion- 
ally heavier and stiongci than cablo A 

Bosoiiptionot Tho C0le of eaWo A > tho mam povtion of tlve Atlantic cable, 
cubic A, section consists of a coppei conductoi, coveiod with four coverings of 
gutta peicha and Chattel ton’s compound, alternated The coppei 
conductoi is a stiand of seven wncs, the diametoi of each wne being 0 051, and 
of the whole stiand 0 168 of an inch. The coppei conductoi is laid up with 
Chattel ton’s compound, and covered with forn separate gotta peitlui coatings, 
alternated with covenngs of Chattel ton’s compound! the thickness of the four 
coatings of gutta peicha and compound is 0 148 of an inch, and the diamotei of 
the coie is, theiefoie, 0 464 ol an inch 

Jutoaeivtas coi eis covered with a seiving of twelve strands of well 

tanned jute, about 0-103 of an inch thick, making the total thick- 
ness of the cable 0 67 of an inch 

Outer sheathing 0ver the J ute ' selvlI, S 18 ou ter sheathing composed of ten 
homogeneous galvanised non wnes, each sei ved with five Manilla 
hemp stiauds steeped m tar, the diameter of each wire is 0 1, and of each 
seived wne 0 245 of an inch. The average diametei of the cable is 1 1 inches. 
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Abstract of weights m one knot (fiom a specimen one fast long ) 

n ( Copper coilductoi 
L0le ( Gutta Pciclia and 
Jute Reiving 
Outei ( lion who 

slieathing [ Hemp stiands 

Total 

ToUEwoifclit, The total length of cable A is 2,G43 knots, and its weight 4,366 
stiflin' 1 ' " S tons, tho nppioximnte bicakmg stiain was found Horn oxpenment 
to be fiom 6 75 to 7 tons 

Dual iptioimf^ The coio of cable B is piecisely snnihu to that of cablo A, and is 
i Coioamijuto covered with a seiving of woll-tannod jute, 0 2 of au inch thick, 
saving and making the cnblc 0 864 of an inch m diaractci 

Iran slioatlitag The jute seiving is suiiounded by an lion sheathing composed of 
12 B B non vvnes, galvanized, and of No 4B IV G, 

cimk s outei Outside tho non sheathing is a double serving, with light and 
covang ] e ft lay, of Claik’s compound and yam, the compound consists 
of mineral pitch and silica, in the piopoitions of 60 and 40 paits lcspectively, 
with sufficient mincial tni to give the lequisitc consistence , this is laid on after 
the fiist coating of yam, and again aftei the second coating of yam The 
thickness of tins covcimg is 0 12o of an inch The avciage diauietei of cubic 
B is 1 5 inches. 


Absti act of iceights i 


Coie . . 

Jute solving 
lion sheathing 10,317 

Claik’s outei coveung 2,064 

Total 13,992 


linoi {ft om a specimen oi 
787 lbs oi 0 31 


i foot long) 


6 246 


Total weight The total length of cable B is 127 knots, and its weight 793 tons 
°Btrau' Cal ' me The bicnkmg stiam is about 14 73 tons 

Dcflciiptionof The coie of cable C, shore end cable, is piecisely similai to that 
™ Cciic’ luuns” A ant * cables Around the coie is a solving of twelve sttands 
oi innoi sci rag 0 t well tanned jute, 0 085 of an inch thick, making the thickness 
of the cable 0 634 of an inch. 

let, or innoi Ovci the fiist, oi innei seiving, is an non sheathing, composed 
iion sheathing 0 f tw elv e galvanized B B non wues, of No 6 B AV G , making the 
diametci of the cable 1 062 inches. 

2nd, or outer 0vel tlie o 1 “aw non sheathing, is a serving, composed of 
pci-ring hemp steeped in lai, m two layeis, with light and left lay, and 
0 447 of an inch thick, making the diameter of the cable 1 956 ms 



140 


THII FRENCH ATLANTIC ELECTRIC TELEGRAPH CABLE 


2nd, or outer Outside is a heavy non sheathing of twelve strands, each Btrund 
lion Sheathing consisting of three galvanized B B iron wncs, of No 3 B W G , or 
0 237 of an inch in diameter The average diametei of cable C is 2 5 ms 
Breaking strain The appioximate Tweaking stiain is calculated at about 44 tons 

Abstract of weights tn one Knot ( from a specimen onejoot long) 

Coie - 787 lbs. oi 0 352 tons 

Inner sei vmg 484 „ 

Innei sheathing 7,618 „ 

Outer serving 4,730 „ 

Outei sheathing 32,250 „ 

Total . 45,869 „ 


0 217 „ 
3 398 „ 
2 113 „ 
14 397 „ 

20 477 „ 


The total length of cable C is 18 knots, and its weight 368 tons 
Doscri tion of The coie ot cable D, the main cable of the 2nd section, consists 
oabiofi, Section of a copper conductoi covered with three coatings of guttapeicha 
2 0010 and Chatterton’s compound alternated The copper conductoi is a 

strand of seven wires, the diametei of each who being 0 030, and of the whole 
strand 0 087 of an mch The conductor is laid np with Chattel ton’s compound, 
and covered with three separate coatings of gutta percha, alternated with thiee 
coverings of Chatteiton’s compound The thickness of the three coverings of 
guttapeicha and compound is 0 099 of an inch, making the diameter of tho coie 
0 286 of an mch. 

The coie is covered with a serving of well tanned jute, 0 0825 of 
Jute solving lne j 1 thick, making the diameter of the cable 0 45 of an mch 

Ovei the lute saving is a sheathing of ten galvanised B B iron 
Hon sheathing of jjo 8BW6 

Clark’s outer OutBide the non sheathing is a double saving, with right and 
covering left lay, of Clark’s yam and compound, as befoie described. Tho 
thickness of this covering is 0 161 of an inch, and tho total average diameter of 
cable D is 1 1 ms 

Approximate The approximate breaking stiain is about 4 27 tons, 
floating stiain * 

Abstract of weights per Knot {ft on i a specimen one foot Jong). 


! Conductor 109 lbs. 

Coie ^ Gutta percha and j 


Jute-sei vmg 

244 

Iron sheathing 

4,367 

Clark’s outei covering 

1,568 

Total 

. 6,441 


0 0482 tons 

0 0683 „ 

0 1093 „ 

1 9495 „ 

0 7000 „ 

2 8753 „ 


TotaUength { The total length of cable L> is 700 knots, and its weight 2,013 
cabled) 5 ° tons 
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Description of The coie of cable E is precisely similar to that of cable D. It 
“corornd 11011 is 00vered with a serving of well tanned jute, 0 297 of an inch 
nerving thiok, making the diametei of the cable 0 879 of an inch 

lion sheathing The jute-seiving is snilounded by a sheathing, composed of 12 
1 galvanized B B non wnes, of No 4BWG 

oinrVs outer Outside this sheathing is a double seiving, with right and left 
covering Jay, of Clark’s yam and compound, as before described The thick- 
ness of this covering is 0 12 of an inch, and the total average diameter of cable 
E is 1 6 mehes 

BioaUug strain The approximate breaking strain is about 11 tons 


Abstiact of weights per Knot ( from a specimen 

one foot long) 

Core 

262 lbs. oi 

0116 tons 

Jute-servmg 

, . 1,184 „ „ 

0 528 „ 

lion sheathing 

. 10,648 „ „ 

4 753 „ 

Clark’s outer covering 

. 1.965 „ „ 

0 879 „ 

Total 

14,059 „ „ 

6 270 „ 


The total length of cable E is £4 knots, and its weight 340 tons 
Description of The coie, lute innei serving, andmnei iron sheathing of cable 
cable F, section _ " , , , „ , , _ ° 

2 coio, innoi E are piecisely similai to those of cable D. 
serving, find in- 
ner sheathing 

Outer serving Around the inner iron sheathing is an outer solving of hemp 
steeped m tar, in two layers, with right and loft lay, and 0 441 of an inoh 
thick, making the diametei of the cable 1-66 inches 

Outer lion Outsido is a second non sheathing of twelve strands of wire, 
sheathing each stiand consisting of three galvanised B B iron wues of 
No 4 B W G The aveiage diametei of cable E is 2 5 inches 
Breaking stmin The approximate breaking stiam is 41 tons 

Abstract of weights per Knot ( from a specimen one foot long) 

Core 262 

Inner serving . . 244 

Inner non sheathing . . . 4,367 

Outer seiving . . . 3,501 

Outer iron sheathing. .... 29,169 

Total 37,543 

Total length' The total length of cable F 
and weight of 
cable F tons. 

Uonufactuio The manufacture of the core of the cable was earned on at the 
Gutta Peicha Woiks m the City Road, London, and the ooie was then sent to 
Gieenwioh to receive the external coverings. a 


lbs oi 0116 tons. 

» »> 0 109 n 

„ „ 1 949 „ 

„ „ 1 663 „ 

„ „ 13 023 „ 

„ „ 16 760 „ 

' is 22 knots, and its weight 308 
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" Giant ^ The efficiency and special adaptation of the " Great Eastern ” 

Kantun steamship as a cable "vessel having been tested mlavmg the Atlantic 
cables of 18G5 and 1866, hei e>pi vices weie seemed foi this expedition, and it vi as 
ananged that sho Bhould lay the gieatei pait of section 1 ,Sho vt is accoidinglj 
niooitd off Queciiboiough m the tlio Medvv ay, where all the lieccssuiy nlteiations 
m hei weie made, and the cable sent down fiom Gicenwich and coiled on boaul 
Three large non tanks weie constiuctcdto hold tlio cable, and to keep it under 
water until paid out Those tanks vvciu oi the iollowmg dimensions — 

Eoie tank 51' C» diamotci, 20' C» deep, holding 720 knots 

Mam tank , ... 75' 0" „ 16' 6» „ „ ],113 „ 

Aftei tank . 58' 0" „ 26' G" „ „ 920 ,, 

In order to build the mam tank one mast of the ship had to be out away, and 
stepped into a gudci, and yet, notwithstanding tho gicat size ot these tanks, 
they occupy but an insignificant poition of tho big slap 

The same picking up geai and paying out machinery, as weie used for the 
186G cable, weie lefittod in the “ Great Eastern ” 

Cabio tanka The end of cable A was placed in the testing loom, and the cable 
then earned to the bottom of the main tank, and coiled thcie for 868 miles, 
when it was led to the aftei tank, in which 920 miles were coiled, and then to 
the foie tank, wheie 720 miles weie coiled , fiom the foie tank it was then 
hi ought back to the mam tank, and the lemamder of cable A, about 135 miles, 
coiled over the ougmal coil, then 107 miles of cable B ovei this, and, finally, 
2i miles of cable C ovci this again The tanks weie failed with water, which 
was always kept at the level of the top of the coil The floois of tlio tanks weie 
all above the wntoi line of the ship, and by the anangement of the cable de- 
scnbod above, it was expected that the vessel would keep m good turn through 
out the voyage 

The eye of each ooil mthe tanks was occupied by two telescopic square fiames, 
one over the othei , the lower one was extended upwards, and the nppei one down- 
waids , the cable passed ont fiom the tank thiough tho centre of the upper tele- 
scope by a series of ungs, which confined its centrifugal tendency , when tho 
tank was full of cable, the upper frame was conti acted like a closed telescope, and 
the lowei one extended to the level of the top of the coil, as the cable was paid 
out the upper frame was extended, and the lower one contracted, downwai ds, so 
that the top of the lower fiame was always kept a little above the lev el of tho top 
of the coil, while the bottom of the uppei fiame was kept a littlo hmhei still 
A stout non ring was fastened round tho lowei part of the uppei fiame , the cable 
passed undoi this, and up through the telescopio uppei fiame ovei a hafat non 
wheel above the tank, and some seven feet above the deck , an u on i mg piov ented 
the bight of the cable as it was d la wn out of the coil, from laslnng out under 
the influence of centrifugal force , fiom this ring, iron rods or spokes radiated to 
the oiroumfeience of the tank, where they weie joined by another large iron una 
this light iron frame extending over the tank, and attached to the oemial rmV 
was called the “ crinoline, « and was loweied by pulleys from above with the upper 
telescopic fiame , m the event of a foul "flake,", oi any other accident, itpro- 

* “ Flnko” In Uio liamo fcivui to ono lajei of tlio coil in tl 10 taut 
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vented the cable from rising above the level of the “orinolino,” except through 
the telescope 

Conducting Fiom the light wheel ovei the tank, the cable passed into a wide 
£ trough wooden tiough, lined with sheet-lion at tho bottom, and having 

light wheels at mteivals to lessen the fuction against the bottom of the tiough , 
this trough was some thiee feet above the deck, and conveyed the cable to tile 
paying out machine. 

Paying out The paying out gear was aiiangedmsuchanmnnei that no extra 
machinery, strain could beput on the cable in excess of that pieviously ai ranged, 

but the extia stiain could, if necessaiy, be eithei icduccd 01 lemoved by means 
of hand wheels The cable flist passed ovei six leading V wheels, and was 
pressed down into then giooved urns by a small weighted wheel, oi jockey 
pulley, aiound the circumfeience of which theie was a band of India rubbei The 
jockey moie or less lestiained tho speed of the cable, accoidmg to the weights it 
earned, and the stiamfiom these weights could bo leduced oi lemoved by turning 
a hand wheel Fiom the V wheels the cable passed foui times loimd a large 
dium, about six feet in diametei, to which a constant lestiammg fnotion was 
applied, in the form of an “ Appold ” break In this break both ends of the 
bieak stiap woie attached to one level, so that when the dium began to turn, the 
lever with the weights attached to it was lifted, but as the weights weio lifted the 
stiap was slackened, and thus a constant fuction, equal to the weights employed, 
was obtained These weights could bo attached oi lemoved at pleasm c, ami a man 
was detailed to cany out any oideis on this head Fioin the drum the cable 
passed undei the dynamometoi,oi strain gauge-wheel This was a veiy simple and 
exticmely useful machine, a V wheel was attached by its axle to aflame fastened 
on the top of a veitioal rod, the fiame slid on \eitical non bais, tho wheel, 
fiame, and rod weie a known weight, and weights could bo added if necessaiy 
The cable passing undei the V wheel laisedit moro oi less, accoidmg to the 
stiain, which it legisteied by a pointeion a veitical sealo An indicatoi, woiked 
by cogs, was attached to the dium, and showed on a dial, by means of thiee hands, 
the numbei of revolutions, up to 300,000 Fiom the dynnmometei the oable 
passed ovei a V wheel m the stein bulwaiks, and glided into the sea 
Picking up Tho maohmeiy in the bow, intended foi picking up and for gi ap- 
maciiinery phng, was sinnlat m ckaiaotei to that used foi paying out, hut was 
moie simple, strongei, and heaviei, as the shams met with in giapplmg are 
frequently veiy high Theie was an auxiliary engine of 70 hoise power to woik 
the dium m the bow 

Otlier vessels In addition to the “Gieat Eastern” thiee other vessels were 
employ ed employed, viz, the " Chiltern,” of some 900 tons register, the 
“ William Coiy,” of about 1,100 tons legistei, and the " Scandena,” of about 
1,400 tons legistei The “ Chiltern” earned a portion of the Biest shoie end, 
cable C, pait of mam oable I), and tho Duxbury mteimediate and shore end 
portions of cables E and F The “ William Coiy ” carried the St Ftene per- 
tions of cables B, C, E, and F, and pait of the main cable D The " Soanderia” 
earned the remainder of main cable D. Each of these thiee vessels was fitted 
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•with tanks, m which the cable was coiled, ns in tlio “Gieat Eastern," round 
central telescopic frames. These tanks were secuioly decked over to prevent 
the cable from shifting its position during tho voyago to tho point whole paying 
out was commenced Hie pnjing out and pioking np machineiy weio similar 
to the machine! 5' in the “ Great Eastern,” though on a smaller scale 
Table No i A table, showing tho description, length, weight, and distnbu- 
tion of the cablo carried by each vessel is attached 
steam steering Since tho laying of the Atlantic cablo of 1806, tho “Gieat 
Bcur Eastern ” has been fitted with steam steeling machineiy, by which 

one man at the wheel, either on the bridge or astern, has perfect contiol oier 
the vessel in any weather, whereas it foimerly lequued eight men to steei her, 
and in had weather the wheels were double manned The helm can now bo put 
hard ovei, and by turning the paddles astern, and tho screw ahead, the gieat 
ship can be made to turn xn hei own length 
By the terms of contract the oahles weie all to he completed by the 22nd of 
June, and the expedition was to be leady to stoit not later than the 25th June. 
This was easily accomplished , the “ William Coiy” left for St Pierre at the 
beginning of the month, and the “ Chiltern ” went lound to Brest a little later. 
The “ Gieat Eastern,” accompanied by the “ Scandoiia,"left the Medway on tho 
12th June, and went round to Portland to coal, and at 8 30 a m on the 19th she 
finally left the shores of England on her third great oable-laying expedition 


Having l eceived instructions from the Secietary of State for War to report on 
the laying of tho Eiench Atlantic Cablo, and permission having been obtained 
from the Dnectois of the Telegiaph Constiuotion and Maintenance Company for 
mo to aooompany the expedition, I joined the “ Gieat Eastern " at Poitland 
Members oi tiie The principal members of the expedition were Sir Daniel Gooch 
expedition anc [ Mr. Rawson, on behalf of the Telegiaph Constiuotion Com- 
pany, and Sir James Anderson, as Dnectoi Genoial of the Prenoh Company. 
The contiactor’s staff consisted of Sir Samuel Canning, as Chief Engineer, 
assisted by Messis. Temple, Bell, and London, with Mcssis Willoughby Smith 
and Laws as olectiicians-m-chief The staff of the Fiencli Company consisted 
of Messis Fleemmg Jenkm, Latimei Clark, and Chailos Hock;n, with Messrs 
Cromwell Varley and Butsoh, as consulting electucians The ship was com- ' 
manded by Captain Halpm 

Arrival at Bient Durln ff t,M3 passage to Brest the oahles m the several tanks weie 

joined up m oircuit, aud the shore end piepared for spliomg to tho 
piece aheady laid by the “ Chiltein ” We arrived outside Biest about 4 30 p m 
on the 20th, and brought up close to the buoy marking the end of cable C, laid 
by the “ Chiltein ” fiom Point Minou The “ Chiltern ” and tho “ Hawk,” tho 
lattei with the Managing Dnector of the Construction Company on board, were 
awaiting us, and a dozen steomeis Horn Biest crowded with passengeis were 
— u steaming round and round us, in spite of a very fiesh breeze blowing 
iT " * m preparing to make the splice, as it was necessaiy to get 


No time w 



ME FRENCH ATLANTIC ELECTRIC TLLEGRAFH CABLE 


145 


picked up the end of the shoie cable, and then slowly woiked up to the “ Gieat 
Eastoin” till liei bow was close to om stem Ow end of the shoie cable was 
then passed ovoi, and hauled on boaid the “ Chiltem,” wlieio the sphee was 
made. 

2lsfc June About two am the splice was completed and the bight thiowa 

oveiboaid, and the “ Gieat Eastern,” having weighed hei anchoi, steamed 
slowly ahead and commenced paying out, followed by the “ Chiltein ” on the 
staiboaid, and tho “ Scandena ” on the poit quartci. The coiuse the cable was 
to take was tho shoitest line botween Biest and the tail of tho Gieat Bank of 
Newfoundland, or that poition ol a gieat cnclo passing thiongh those two 
points A special sui vey of the line foi soundings had been mado for tho Fiench 
Company in the spun g of thejeai by Navigating Lieutenant V F Johnson, 
R N , and a cliait is attached, PI I, showing these bounding? and the course 
of the cable On leaving Bicst tho “ Great Eastoin” was in veiy good turn, 
eanying about 7,000 tons of coal, and o\ci 5,000 tons of cable, and chawing 
about 02 feet of watei foiwaid and 34 aft, and until hei turn was consideiably 
altei ed by loss of cable and coal, she was lomaikably steady even m bad w eathei 
But although tho auangement of the cables m the several tanks already de- 
scubed tended to piescuo the vessel's turn and steadiness foi as long a time as 
possible, yet this auangement had its disadiantages, foi tho mannoi m which 
the cablo was disposed in the mam tank tended gitatly to confuse the signals, 
and foi this leason , when a signal was sent fiom the ship, the current passing 
thiough tho lower coil in the mam tank at once induoed a cuuent in the uppei 
coil, so that tlicie was a double signal, that by tho induced cunent being more 
mpid than the othei, and it was some time befoie the telegraphists weie able to 
distinguish and read the signals The wcathei foi the fiist week was most 
beautiful, blight waim days, with a peifcctly calm sea, and all went well. Tho 
staffs of the Engmecis and Eleotiieians uoie divided mto watches, kept by 
Gieenwich time, and tho most assiduous and umemitting attention was paid to 
tho cable and evciy pait of tho machinoiy In the testing loom the samo un- 
weaned solicitude was shown, and fiom tho commencement of paying out until 
the cable was laid (except when tho oablo was buoyed), tlicio was alv, ays some- 
one anxiously watching the httlo spot of light fiom tho uflcoting gahanometei 
on the scale A descuption of the testing annngemonts, with abstiacts of bomo 
of tlie tests made duung the voyage, is attached 

The heavy shoie end was all paid out about half an-houi attei staitmg , at tho 
junction of oablo C with B, and, again, of B with A, one quartei of a mile ot 
tapei was allowed, so that the cable of thiekei diametei giadually assumed the 
size and descuption of that of smallei diumetoi 

22nd June The intermediate, oi B cable, was all paid out about 12 30 a m on 
tho 22nd (The horn must always be undeistood to be Gieenwich time unless 
specified to tho contiary) The speed of tho paying-out ship, it was airanged, 
should not exceed six knots pel houi, and the slack cable paid out was to bo 
kept, as ncoily us possible, at the same late as in laying the Atlantic oablo of 
1866, e e., between 12 and 14 pel cent 
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23rd June At 1 23 am the speed of paying out w is 1 educed to till CD miles 

pei houi , anil at 1 30 am , the uppci coil ol cililc m the mam tank was ill paid 
out, and the change made to the toiwaid tank l'lns was dime w ltliont anv 
difficulty w intevei, the plough m the dmin w is shiltcd to suit the diminished 
size of the cable, and nt 1 33 am the spluo between the mam and foie tanks 
passed ovoiboaid The signals hithcito had on shine ippmcdlo has e been 
those made by the induced cuiient, and us this ciascd on the lemoialoi the 
uppci coil, the telcgiaphists on shoie weio again ‘•omnvbut pu/'lul 
Situ June At 3 27 a m a gong, which \\ ns suspenihd ue u the testing loom, 
was sounded, n signal that the little spot of light had left the sc lie, uul, thao- 
fore, that a fault must have occunod In iccoidanco with mstiuctions pie 
viously issued the engines at once lcieiscd full speed astern, and as soon as the 
ship’s way was stopped, lope anil chum stoppua wne put on t ho cable , the 
cable was then cut, and tho eucl passed lound the loiwaid dmm tluougli the 
machmeiy in the bow The au\iliaiy engines in tho bow turned the bow- 
dium, and hauled the table hick tin ougli the machinery in tho stein, which w as 
simply leveised Hithcito faults liad always been letovercd by shifting tho 
cable fiom tho stem to the bow, steaming ahead, and hauling m, and this was 
the fust time that it had been done by going astei u and hauling it back tlnough 
the paying out gear, lesersed, manifestly a much moie simple niiangoment 
Captam Halpin took up a position close to tho stein V wheel of the paying out 
goal, wheie ho was able to obseivo tho position of the cable, and also tho stiam 
shown by tho dynamometu, and as the helmsman was now shifted fiom tho 
budge to the stein wheel he was close ta the captain, and by means of pnoumatio 
tubes the lattei could also oommumcatc with cithei engine loom, and thus had 
complete conti ol of tlio ship, and could legulate liei movements as circumstanoes 
lequired In this way, somotimes stopping whon the cablo was being cut and 
tested, sometimes going astern and picking up, some 2\ knots veie picked up 
The cable had been cut thieo times, with the hope of finding the faulty piece, 
which at length leally was recoicied and cut out Tho sham on tho dynamo- 
nietei previously to the fault was about 8 cwt , wlulo dining its lecoveiy it had 
lisen to 83 owt The depth ot walei was about 2,100 fathoms At about 8 40 
a.m the joint was commenced, and the splice was finished and paying out 
lesumed about 10 am 

The turn “joint” it should he obseived, applies only to the junction of the 
coles of the cable, 1 e of tho conductor, gutta puicha and compound Tho tcim 
“ splice ” apolies to the junction of the soilings and outei covouugs. To form a 
joint the gutta peicha and compound lound tho coppei wne aio cut away foi 
some inches, and the coppci wire stinnds aie filed to a long bevil, and made 
pei feetly bught with emery papci They me then soldeied together and aie 
hi ml J hound round with fine wne, which is soldeied to tlio conductor only at 
the ends, so that should the conductor become sepaiated by any stiam on the 
cable, the fine wire would still maintain the conduction This binding with 
fine wne is lepeated, then mbbed bright and coated with Chatteiton’s com- 
pound The gutta peicha adjacent is heated by a spirit lamp, and pushed for- 
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ward, fliat fiom one side to co\ei the joint, and thon from the other Bide bo as 
to oveilup the fust, three or foui pieces of gutta percha aie then heated nnd 
applied sepaiately as coverings, with a coating of compouud between them , 
they are flimly pi cased together and then placed in ice to cool quickly before 
the splice is commenced The joint is tested, and tho splice then made by 
untwisting alternate vrnes and the jute selling, nnd liaiing ic-coveicd the joint 
with tho seivmg from the opposite side, twisting m the alternate ivnes The 
wues aie cut so that the joints shall not coincide, and wheie the joints occur 
the cable is dimly bound lound with yam 

At about 11 30 a m the gong again sounded the alaira, and caused great con- 
stei nation at the prospect of so speedy a i epetition of tho moi mug’s woi k The 
ship had, howoiei, haidly been stopped whon the spot of light letumed to the 
Beale, and it was aftei wards asceitamed that this, and seveinl other tempoiary 
disappeaianees weie caused by the cai elessiiess of a clerk at Biest. 

On examining the piece of cable cut out tins morning it was impossible, with 
the closest scrutiny, to detect any mjuiy to the outside wues or hemp, or to the 
jute seiving In the coie itself, ho wevei, theie was a small punotuie, boiely 
extending to the copper , tho hole was of the 6hape and size that would be 
made by a small tack It was irapossiblo to say how it could have happened, 
nothing remaining m the hole to show its ougin, as in the 1866 cable, when a 
small piece of outside wiie was found stabbing the cablo on each occasion of a 
fault oceuning 

mil June About 9 11 am the gong again sounded and the engines weie 
reversed, and by 9 33 a m the stoppers weie put on the cable, which was out, 
and passed lonnd the forward dium At 1037 a m the picking up ceased, the 
fault was out out, and, on the completion of the joint and splice, about 12 14 
p m , paying out 10 commenced The weathei eontinuedso fine that the faults, 
although causing the most tiresome delays, gavo no real cause for anxiety On 
examining the faulty piece of cablo no rnaik could be diacovetcdon the extenor 
oi on the selling The position of tho fault m the piece cut out was ascertained 
by joining one end of the piece of cable to abatteiy and insulating the other, 
and bunging a wuo fiom the othei pole of the battery m connection with a wet 
sponge, which was passed along tho selling until tho exact spot was indicated 
by the galvanometer on the completion of the cucuit 'Ihe Beiving was then 
taken off very carefully, and was found slightly stained on the inside, as if by 
chemiLal action, and some of the Abies weie out, bat this was only seen on vciy 
attentive examination In tho gutta peicha theie was a little hole, and the 
instrument with which it had been made had indented the coppei wne and 
hughtened it a little As with the pievious fault, no explanation could be 
given to account foi its origin The amount of cable picked up and cut out was 
about one knot, and occupied about 45 minutes 

soth Juno Shortly aftei midnight the cable in tho foio tank was all paid 

out, and the change made to tho aftei tank The distance between the t>\ o 
tanks being consumable, some care was lequuod to effect the change without 
mishap The engines were stopped and went astern, so as to stop alLtho ship’s 
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v ay as the bight passed out of the forwnid tank As the last turn left tin* 
oic tank, the 1 mgs of tlie tclescopio frame, which are lunged, were opiucd, 
,nd tlie bight passed out of tlio tank, and was seized bj Borne of tile 
nen on deck, who walked away with it steadily to tlio aRu tank, neai which 
he stiam became too gicat to allow tlio men am longei to hold it, and it 
railed itself out of then hands, stiiughtuicd, mid commenced pajing out iioiu 
he aftei tank The cable in cucnit at tbo timo the change of tanks was undo 


>i l'oie 
„ aftei 


2 11 
106 96 
133 59 
719 81 
919 71) 


Deduct foi cable out out 
Total cable in circuit 


The maul cable left in the mam tank is not included m the above, as it was cut 
out of circuit on the 25th instant, to facilitate the signalling 
In the afternoon a bicczo sprang up, which ficshened towaids evening, the 
barometei had been falling fast all the afternoon, and by night it was blowing 
half a gale 

iota Juno It continued to blow all night, and at 5 a m this morning, tlieie was 
a heavy gale fiom the east south-east Tho “Gicat Eastern ” cut hoi way 
thiough the heavy sea with lemaikablc steadiness, and scaicely any lolling, 
and the paying out continued without any gicat mcicaso ot stiam, tho dyna- 
mometei ranging fiom 14 to 10 cwt Evoiy one was ou tho aleit in ease of 
any conti e-temps m such wild weathci Oui consoits, the “ Scandona” and 
11 Chiltcm,” suffoied a good deal, tlie sea appealing frequently to sweep right 
over thorn, and the lattei vessel lost hei staiboaid lifeboat At 7 am tho 
sound of the gong, using above tho howling of tho storm, announced that a 
lault had ooeuned In rather loss than thuty seconds tho Blup’s way was 
stopped, and both screw and paddles turning astern full speed Tlie tests 
showed that tho fault was close to the ship, and it was at once doteinuuod to 
back the vessel, and endeavoui, notwithstanding the gale, to pick up tho cable 
liora the stern as befoie Captam Halpm and Su Samuel Canning took up 
then usual positions on the little platfoim piojectmg bo)ond tho stein, wheio 
tho cablo, passing over the last V wheel, glides into the sea, the stoppeis w'eio 
rat on the cable, which was cut, and passed lonnd tho bow dmm, and the 
uraliaiy engines commenced hauling in, while the ship was driven astern full 
“peed ra the teeth of the gale. By this time the fault was some waj astern ; 
■i- strain ou tho cable at once rose to 31 cwt , and aftei a few minutes to 17 
~ t , and m the com sc of anothei twenty minutes, duung which time some 70 
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jnrdo moic iccoecrcd, it rose to Go cwt Still tlio fault Mas ovcibonid, it mas 
blow woik, and the picking up continued loi a whole hour, putting the stoppers 
on oeeasioiinllj when the sti .1111 was high, and dining astci 11 till it loll, when 
picking up was lcsunied It M T as ccitiunlj a hold attempt, and ono attended 
with much difficulty, and demanding gieat judgment and exponcnce — to haul 111 
a cable in soundings oF oioi tM r o miles, by dining the ship nstoin against a 
heavy gale — and the stiains logisteied weio watched with tlio most anxious 
attention , duung tlio last lioui the strain vaued flora Id to 00 cwt , the stiaw 
had not been excessive, and the fault onco on boaid all would bo well, and tlio 
excitement becamo intense About threo quaitois of a mile bad been locovcred, 
and the strain had laued fiom 70 cwt to 110 cwt , the lattci stiam was 
caused by a heavy sea staking tho stein, aud suddenly laismg it , picking up 
was discontinued foi a few minutes, and on recommencing, another sea caught 
the vessel in tho stein ns befoic, and smashed tho platfoimon which tho captain 
was standing, deluged every one at the stern, and nciuly washed tho captain 
oveiboard This sudden stiam caused tho cublo to pait, but very foitunately 
m-boaid, and neaily amidship As it patted it lashed itself outalong the deck, 
but injuiod no one, tho stoppers wore immediately put on at the stern, and tho 
end seized m seveial places and scoured Laigc buoys constiuoted of iron, ex- 
pressly for cable woik, and fitted m ith flagstaff and flags, wcic nlwajs kept 
ready, and buoy lopes placed flora tho bow to tho stein on each side of the ship 
to attach at onco to tho cable, should it bo nccessaiy to buoy it As it Mas now 
quite evident that any fuithei attempt to recover tho fault in such weatkei 
would end still moie disastrously, the cable was at once made fast to the buoy 
rope, and m about a quarter of an hour, tho huge buoy was riding out the storm 
With the end of the cable attached to it 

Tho ariangement foi fastening the cable to tho buoy with a now to its easy 
lecoveiy is ingenious The buoy has an eyo in tho centra of its base, tluough 
which a ndmg chain is passed , ono end of this chain is sccuied to a tuggoi 
catch in tho sido of the buoy above tho line of flotation, aud tho otkci end hangs 
down , a hemp lopo is fustoned to the top of tho buoy, and again to tho frao 
end of tho liding chain below tho eyo m the base of the buo) To this hemp 
lopo is attaolicd chain-shackling, and the cable is vciy stcuicly fastened to this, 
about 50 fathoms of spaio cable uic allowed bej ond the fastening, to form a bight, 
and tins hanging end, when m the watei, twists itself lound the fastcmngB, 
and inci eases tho secuiitj of tho cable 
As soon as the cable was ovei boaid, the "Scandeiia ” was duected to drop a 
maik-buoy about two miles to the eastward, and the “ Grant Eastern” piocccded 
herself to di op anothci about two miles to the south-east These maik-buoys, 
like the cable-buojs, aieveiy laigc, aie painted led, and piovidcd with fiagstnfts 
and flags , their mornings consist of a Manilla hemp and steel wno cable of 
about 3,000 fathoms length, and a mushroom anchor, weighing 5 cwt. The 
tlnee ships endeavoured to keep the buoys in sight all day, and at night stood 
off in n definite combo to leturn at daylight 

1 st July This morning the -wind had moderated, and tho M'oather became 
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quite flue, the buoys 11010 sighted eaily, but the sea continued much too high 
all day to lowei a boat, and attempt the lecoveiy of the cable, the buoys weic 
again , thei cloi o, Icept in sight till dusk, w hen the ships on cc rooi e stood off on a 
couise 

2nd July At about 8 a m , the iccoveiy of tho cable was commenced, the 

buoys having again been found without difficulty at about b a m 'Iwo boats 
weie loweied, one flora oitliei side of the ship The hist niado at once foi tho 
buoy, caiiymg a line fiom tho “ Oicat Eastern” to secuie to tho buoy, whu.lv 
was then hauled closo to tho ship , the ci o\v of tho seoond boat uiihistonod the 
hemp lope flora the top of the buoy, and mado it fast to a line flora tho “ Great 
Eastern , ” tho tnggei holding the iidmg chain was then shuck, tho chain and 
cable theieby at once ficcd, while the buoy, ulieved fiom all icstiamt, bounded 
up, and was towed away by tho fust boat to tho side of tho ship, to ho liuscd to 
its old place on deck, the cable with the iiding chain hanging to it was hauled 
on boaid and passed lound the bow-dium, the ship went astcin, and the picking 
up of the cablo foi the rcco\ cry of tho fault commonced 
About 10 30 a ra , the fault was cut out, one qiuutei of a mile of cable having 
been hauled in , the Btiain duung the picking up ranged from 10 to 50 cwt The 
joint was commenced at 10 43 a m , and tho splice finished, and paying out ic» 
commenced about 12 30 p m Immediately on the recovery of tho cable a mes 
sago was sent to Blest, stating what had occuned, "While the splice was being 
made, tho “ Chiltern” and the “ Scandena” were sent to pick up tho maik-buoys 
Upon investigating the cause of the fault, it was found to be almost pieoisely 
similar in ohaiactei to tho othei two, the hole thiough the juto-sciwng was 
rathei moio distinct, and the cioss section of the hole thiongh the gutta percha 
was half moon shaped, instead of cnculai A geneial opinion seemed to exist that 
these faults must have been tho woikof some malicious person employed to destroy 
the cable Theio was no satisfactoiy way of accounting foi them, andtheu dis- 
coveiy having always taken place as they passed into the sea, almost precluded 
the possibility of their existence m the cable while it was under water in tho 
tank, (the watei in the tank is goneially kept at the level of one or two 
“ flakes” below that being paid out) ceitamly a moio oppoituue time for tho 
dostiuction of the cable could not have been chosen Ilian dunng such a gale, 
and having failed then, them seemed little chance of tho accomplishment of 
any further malicious designs Howcvei, aftei this, two of the ofhcois of the 
ship were always placed on duty in the tank, und whatevei may have been the 
cause, no moie faults occuired in the cable 

eta July The fine weather continued until this morning, when it blew veiy 
haid fiom the west and noith-west, and there was soon a heavy sea on with tho 
wind increasing, the baiometer had been unusually low since the gale of the 
30th ultimo, and was now using lapidly. The “ Scandena” could not keep her 
position against the head wind, and was left fai behind, she, Uowevei, made 
veiy good weathci, and so did the “ Chiltern,” but the “ Gieat Eastern,” being 
considerably hghtei (by neaily 6,000 tons) than when she staitod, lolled veiy 
much, on one oi two occasions as much as 21° each way, but the aveiage amount 
was flora 10° to 15 s . 
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7th Lily In spite of tho heavy wcnthoi cvpencnecd y csterday and to cloy, 

all went well, anil the highest stiam legislated lias only 17 cut, clomly 
demonstiating that, in the event of no fault ocuiinng, it is ns easy foi a ship 
like the “ Gieat Eastern ” to lay a cable m walei tlueo miles deep, and in half 
a gale of wind, as in watci undci 100 fathoms deep, and in calm Menthol 
At about 8pm the cable in tho mam tank was again loiucd up in eucuit, that 
in the aftei tank was all paid out, and the change to the mam tunk took plnco 
nbout midnight It was very easily accomplished, tho ship’s way was stopped 
fiom slow speed in 8 seconds, which, when the momentum of this gie.it mass is 
consideied, shows no small powoi of contiol, it was dono so quiokh that the 
cable had to be hauled ovei thediumto get it to pay out Alta the splice 
was made at 8 p m , between tho cable m tho altci and mam tanks, gioit diffi- 
culty was espeiicnced m getting tho continuity signal, ow mg to the rolling of 
the ship, and a shunt of was lequncd to keep tho spot ot light on tho scale 
8th July Last night was leiy wet, and tho tempeiatuio was decidedly 
becoming coldei, that of the sea having sunk duung tho night fiom 07° to 48° 
Fahronheit, and theie was a geneial expectation thatweshould fall in with icc 
bcfoie reaching the tail of tho Gieat Bank 

9th July Tho “ Scandena” and the “ Chiltcin” wero sent foiwaid on nn 
eaily hour to look out foi ice, and to take soundings About noon wc aimed 
at the point ofl the tail of tho Gieat Bank of Newfoundland, (maiked A on tho 
chait, PI I showing the course), latitude 12° 50' N, longitudo 49° 10' W, 
and stood on, on the same couiso foi thieo miles, and tho “ Chiltem” having, in 
accoidance with pLcvious msti actions, found the tail of the Great Bank lij 
sounding, and taken up a position off it in about 500 fathoms, wo 1 minded 
liei, and steered due west foi 65 miles 

11 th July Yesterday tlioio w is a dense fog foi thogicatei paitot tho day, 
and fog-hoins and whistles wcio sounding incessantly , it ekaied up 111 the 
afternoon, and the “Scandena” and “Chiltcin” went on 111 advance to take 
soundings. This morning between 4 and 5 a m , a Link ooouucd 111 the main 
tank, tho vessel was at onco stopped, hut foi Innately it had disentangled itself 
befoi 0 teaching the paying out goal, and the man stationed at thcdium oliseived 
nothing of the kind pass thiough The wenthci was again vciy ioggj, and 
thoie was a high wind Yesteiday afternoon a telcgiam was sent to Bust, to 
be transmitted by Anglo-Atlantic tclogiaph to St. Piono, to dncct tho “ ’William 
Coiy” to couio to meet us at point B, (seo PI I,) tho entinneo to the channel 
between the St Pierre and the Gieen Banks, and pilot us thiough the channel 
Wo bad heaid on tho 25th ultimo of the amval of the “ William Coiy ” at St 
Pierre, and since then she had been engnged m laying the St Piene poitions 
of cables B and C, had buoyed the end, and had then placed am.uk-buoy at point 
C (see P I,) latitude 46° 16' N , longitudo 55° 12' W , tho othci end of tho 
Channel 'between the St. Pieire and Gieen Banks About 6pm the fog 
gradually rose, the sun shone, and thete, nbout two miles ahead of us, weie twm 
steamers, v4hioh pioved to be the “ William Cory,” and tho “ Gulnnie,” an 
Admiralty surveying vessel, in charge of Commandei Ken, K N , who had 
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come torendoi any assistance. Oiu position was vciy near point B, 01 latitudo 
45° 10' N , longitudo 55° 16' W , and we slioitly changed our couiso to the north, 
following the “ Gulnaie,” and the “ William Cory ” At this time the “ Scandcua" 
was close to us, but the “ Chiltcin” had not hcon seen since the fog denied oil, 
noi hei whistle heaid Bince eaily m the morning 

i2tn July At 4 a m , the wind fieshoncd consideiahly, and theie was light- 

ning at intervals, and soon aftei we loundod the maik huoj at poult C, and mttdo 
foi the buoy to which the shoio end laid bv the “ William Coiy ” was attached 
About 5 30 a m a dense fog set in, and tho accompanj ing vessels woio lost sight 
of The soundings gave about 74 fathoms The wind was strong iiom west by 
north, and at 12 40 pm, the ship having rnn the collect distance to the slioio 
end buoy, and the woathci being much too thick to allow us to find it, and too 
lough to allow of oui making the splice if it wcic found, the ship was stopped, 
and the cable out, sealed, and buoyed, the buoy having a muslnoom anchoi 
attached to it by a hemp cablo Sealing the end of tho cablo consists in heating 
the gutta porcha, and diawmg it over the coppei conductoi, so as not to leave it 
exposed, and then binding the whole of the end ovei with yam 
latii Juij The fog had all cleaxed off, and the sun rose clear m a cloudless 

sky , tho sea was quite calm, and around us lay the “ Scandona," “ William 
‘Cory,” and “ Gulnaie,” hut the “ Chiltem” was still missing Stretched out be- 
foie us, some seventeen miles away, were the islands of St Pierie and Miguelon, 
with their lugged biokcn outline shaiply defined against the cleai sky, and with 
some biilhant patches of snow still left m one or two deep gulleys On the 
1101th lay the coast of Newfoundland, with the large xound top of Chapeau 
Rouge looming m the distaneo, and thcio close beside us was tho main cable 
buoy The shoie end buoy was soon found, about two miles off, and it w as do- 
teimined to -join the two ends with a piece of cablo A fiom tho “ Gtcat Fastein ” 
The “ Scanderia ” pioceeded to pickup tho shoio end, and to splice lL to tho end 
of a piece of cable A senton boaid fiom tho “ Gicat Eastern,” while this splice 
was being made, the “ William Coiy ” was sont to piok up the end of the mam 
cable, and the “ Gieat Eastern " stoamed towards hei, paying out ns she went , 
but on aiuving close to tho “ William Coiy,” tho uuwcloomo intelligence was 
leceived, that some 70 fathoms of lope and chain had been picked up, a biokcn 
shackle discoveied, and no cable could be found At this juncture, the “ Chiltu n” 
amved fiom St. Pione, where she had gone, on losing us m tho fog, tho 
“ Scandena ” had by this time completed tho splice and thiown the bight ovei- 
boaid, so that the “ Great Eastern ” was m possession of the shoic end, and tho 
end of the mam cable was at tho bottom of the Bca. The “ Scnndci m,” “ William 
Coiy,” and 11 Chiltoin” now set to woik to grapple foi the lost cable, and as 
time wont on, and the cable was not hooked at 6 30 p m , it was dctci mined to 
take tho “ Groat Eastern ” to hei anchoiago bcfoio daik, and to leave the othci 
vessels to oomplete the oable, the shoio ond was theiefoio sealed and buojed, 
liaidly had this boon done, when a gun from tho “ William Coiy ” announced 
that the mam cable had been recoveied, and tho “ Chiltem ” went at once to 
pick up tho shoie end, just buoyed by the “Gieat Eastern, ’’ and as them was 
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sufficient Black, diagged it to meet the “William Coiy,” -when the splice Mai 
completed, tluown ov or, and the fust section theicbj finished Altogether, the 
completion of tins section "was lathet a com plicated mancemie. 

The “ Gieat Eastern,” on the iccovoiy of llio uihle, steamed away foi hei 
anchoiage, passing between the two Islands of St l’iciio and Miquelon, and 
bnngmg up in a laige open bay foinicd by tho long lino of pebble bank joining 
Gland and Petit Miquelon, a bank longei and lngliei, but otliei wise just such 
anotliei as the Chesil Bank, at Poi timid, w Inch wc hail left 2 0 days bctoio Tho 
splice was completed about 8 30 p in (ship's time), and the othei v cssols auchoicd 
near us about 11 30 p ra. (ship's time) 

Tho total distance from Brest to bt Piciio, lollowing the corn so of tho cable, 
was 2,327 knots, and tho total amount ot cable used, and m cucuit, was 2,075 
knots, showing the per oentage of slack to lime been 10 05 on the whole distunee. 


Cable C paid out by " Cinltcin 

„ C „ “Groat Fas tern” 


Total cable m circuit 


Cable A cut out in faults 
„ left in main tank . 


. 25 

107 0 
2,430 0 
20 0 
10 0 

2,570 0 


200 0 
2,788 0 


5 0 knots. 


A small but had been erected at the place wheie the slioio end was landed at St 
Pierre, and a tieneb was out across the island to the town to lako asublenancan 
cable, os the offices weie to he m tho town 

14th Juij About 10 am (Hlnp’s time), the “Gulinne,” with tlio stuff of 

electricians and cloilts to bo left at St Pione, and with tho pnncipal momheis 
of the expedition, left the “ Gieat Eastern ” and proceeded to the town of St. 
Pieiro, about twelve miles li om tho anthoiago Having visited the Gutmioi 
of tho island, who received us most ooidiallj, we went to the cubic liouso, and 
lemamed there some time wlnlo the tests wete being made Tlio expedition 

was now tiansfencd fiom the " Gieat Eastern” to the tluoe vessels, the 

“Seandena,” " Clnltein,” and the “William Coiy"— about to lay the second 
section between St Picno and Duvbuiy 

15th July A rendezvous of all the vessels was held about 3pm (bhip’s time), 

off tho cable house, when Sir Daniel Gooch landed, and foimnlly handed ovei tho 
1st section to Sir James Anderson, as the representative of the Eienah Company, 
the eleotnoians having certified the line to be m good working oidei Tho con- 
tractors continued liable foi the cable foi another month, and left an eleotneiun 
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in. charge at St Piene, while Mi C Hoclcin leinamcd time dunng the month 
to cany on testa and expunments foi the Fiench Company About .5 'JO p til 
(ship’s time), the "William Coiy” anchoied as close as possible to tho cablo 
house, and commenced landing the shoie end of tho second section Ten boats 
fiom tho diflcieut ships 1101 e langod at cqml distances Intween the "Itdlinm 
Coiy” and the slioie, a oou iope having hist been stictchcd iiom the ship to 
the slide , a lnrgei boat took on baaid a suthcieiit quantity of shoic end cablo 
pioperly coiled fiom the “ William Cory," and made foi tho shore hauling on 
the coir line, as sho -went she paid out cable to tho diflcient bolts, Mheio it lias 
at ones seemed at the bow and the stein of each boat, tlio end piece n as then 
diagged up the locks and using ground to tho cablo house , when tho end was 
seoured the woid was passed to out the lashings, by which tlio cable was hang- 
ing to the boats, this was done simultaneously on flung a gun, and tho cable 
sank to the bottom An offleei and two men wore in each boat, and the landing 
of the shove end was thus \eiy easily and quickly accomplished The “Gieat 
Eastern ” only waited to see tho shore end landed, and to hear that it tested 
satisfaotouly, when she steamed away on hei letuin voyage to England 

Tho “ Gulnaie ” towed the “ William Cory ” away fiom the shorn, and then 
led the way out between the banks, and so as to avoid tho othci cables lying m 
these waters The paying out commenced about 7 p.m (ship’s time), or 1U fiO 
p.m Greenwich time 

I6tti July About 12 20 a m the “ William Coiy ” was suddenly stopped, one 
of the outside wue stiands of the slime eud being paid out having bioken and 
turned outwaids, and on this pait of the cable reaching the ling of the fiamo 
in the tank, it was caught, end the wue shipped off the cable tor some way, 
this caused an entanglement, which jammed in the machinery , the ship was, 
howevei, stopped, and moved astern m time to pi event an excessive stiam being 
brought to heat on the oablo, wbiob was lepaued, and the ship proceeded 
The weather was alternately tine and foggy nil day, but at 1 1 30 p m . it caino 
on very thick, and the “ Chiltein,” being unable to make her signals known, oanio 
alongside us to communicate , m doing so, she camo a little too close, and 
although the two vessels appealed to be steei mg parallel courses, yet while the cap- 
tains weie engaged in hailing one another from the budges, the vessels appealed 
to draw together sideways, as if by some poweiful, but unseen, attraction j when 
Captain Edmgton, of the “ Chiltern,” peiceived this, ho went ahead full speed, 
but it was a little too late, and, while shooting ahead, the “ Chiltern ” continued 
to diav towaids us, and before she had got quite clear the vessels came into col- 
lision , the great cable buoy on board the “ William Cory” smashed the captain’s 
gig on board the 11 Chiltern” into splinteis, and bent the davits like pins, then 
the bow of the “ William Cory” smashed the “ Chiltem’s” bulwaiks, and also 
tho stem gliders and wheel of the paying out machinery, and if she had been a 
second latei m clearing heiself, hei stern would have been broken in, and tho 
vessel piobably sunk This moident showed the gient impiudence of bunging 
large vessels close to one anothei to speak, when by a judicious system of signal- 
ing, and espeit signallers, they could so easily communicate by steam whistle. 
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17tli July The “ William Coiy,” finished plying out hei cable at about 1115 
a m , and ns the sea -was 1 aiming high nftei n ficsh bice/e list night it was im- 
possible to inako the splice, and transfei the expedition to the “ bcandeua , ” tho 
end of tho cable was buoyed, and the fleet put into Mu a liny, Capo Bictou Island , 
lieie tho damaged goal on bond the “Clultciu” was lepiuod, and made good 
with that fioin the “William Coiy,” which was no lougu lequued, and thu 
expedition was shilted to tho 11 Scandciia 

istti Toly The squadion left Mira Bay nbout 2 30 a ui , but tho cable-buoy 

was not found till 1 p m , and, owing to the high sea i mining, it was 2 30 bcluiu 
the end of the cable was oa boaul, and at 1 30 p m , the splice being completed, 
paying-out was commenced fiom the “ Scandciia ” Tho mink-buoy , which w as 
diopped some two miles fiom the cablc-huoy, was picked up by the " William 
Cory , ” tho lattei vessel neeompamed us till wo were off II ihfas., it hero sho put 
in to coal, and then returned to England 

soth Juij Yesteidav was vciy fine and all went well, but this moi nmg about 

7 9am, tbo ahum was given , tlnee flakos had fouled, and beloro tho ship’s way 
could ho stopped, the entanglement had ]ammed m the paymg-out maclnneij, 
and the stuun thus suddenly thiown on tho cable, caused it to pait about \ liulo 
fiom the ship About this timo tho “ Clnltem” was out of sight, having gono 
ahead to take soundings, and she w as not seen again foi tw o dn> a , consequently , 
the "Scaudetia” had no assistance, but had hi»t to diop a matk buoy then 
giapple foi the cable, which waB icoovoied aftci about sis. liauis, then buoj the 
cable, then pick up the mark-buoy, nnd finally tho end of the cable, so that by 
the time the splice was made and paying-out leoommenocd, it was 4 52 p m 
22 nd July About 11 a m. tho cable w-as all paid out, and the "Clnltem " 

being still out of sight, we weio obliged to buoy it, and a inaik-buoy was 
dropped about a mile off About 1 p m tho “ Clnltem” came in sight , oui delay 
in losing tho cable had led hei to buliovo that we had passed hot No time was 
lost ill picking up tlio cable, which in these smnllei vessels is done at tho how , 
the splice w'as made, and pnying-out commenced nbout Opm, the expedition 
having been tinnskiied fioin the “ Scandciia ” 

20 id July Capo Cod was sighted at 9 30 am, and wo weie off it about 1 

p m , and ns we weie then about 30 miles fiom tho landing place, tho main enblo 
was cut, (tho whole of it not being icquued), and spliced on to the mtcimediato 
or E cable in the often tank. 

The character of the countiy about Cape Cod is voiy low, and sandy neai tho 
sea, bat rising into an undulating high giound ill the mtonoi Euxbtiiy beacli 
is a fine stretch of sand, sorno tlnee or loin miles fiom the littlo village of lfux- 
buiy, neai Plymouth, where the Pilginn Fathers lauded fiom the May Flower 
A peifect swarm of boats came out to giectus as we nppioachcd the shore, and 
anchored about 7 p.m., at about 3 fuilongs distance fiom it, I lie cable houso 
was cieoted on the other Bide of a sand lull skutmg tho coast, nud on the side 
of a knoll, 

Piopnrations weie now mode foi landing the shore end, and cairymgit to the 
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able bouse The cable was sccuicrl by stoppers, and then a coil made on deck 
f a sufficient length to leach to the cable house a raft was then made on two 
oats, the junction of the cable coiled on deck with that in the tank was cut, and 
he deck coil, recoiled on the laft , the stoppeis were then taken oft, and the bight 
hi own overboard A coir rope was sti etched fiorn the slap to the shore, tlio laft 
rns towed by two 01 three boats rowing, and also hauling m the coir line 
lowly paying ont the cable by band as it went, the laft reached the shore, and 
he end was duly landed and carried to the cable house 

Thus, the thud Atlantic Telegiaph Cable was successfully completed, and, 
dlhough every descnption of accident had occuned, the circumstances had, on 
he whole, been propitious, and the skill of tho Engineers equal to suimouuting 
hem all Neaily eveiy phase of cable laying had been encountered, m tho 1st 
action, three faults had oocmred, which weie successfully ieco\ered and cut 
iut , picking up from tho stern had, to a ceitam extent, been successful in a gale 
>f wind , the cable had parted mboaid, had been buoyed, and aftei two days, 
ecoveied in a depth of 1 800 fathoms , the course had been most accurately 
icpt in spite oven of foggy weathei , the cable bad escaped fiom the buoy, been 
pappled foi, and leoovered, an outside wuo bi caking, had stnppod the outer 
soveung for some way, and been effectually lepaned, the pajmg out machmeiy 
if one of the yossels had been damaged by a collision, and xepaired , a foul of 
liree “ flakes” had caused an entanglement, which, jamming in the machinery, 
strained the cable till it bioke a quaitei of a milo away flora the ship, and the 
-able had been grappled for, and recovoicd no less than si a. times was a buoyed 
;ablo picked up without difficulty It maybe gatlieied from the aboie, that 
with au efficient staff, good vessels, and a sound cable, the difficulties of cable- 
laying ai ei educed to a minimum. 

I attaoh, together with two diagiams, an account of tlio tests which it was 
noposed to make duung the laying of the cable, and which weie earned out, 
is far os possible, in accordance with the piogramme 

Owing to the late peuod at which I pioposod to contubute a paper on this 
lubject, the space available is so limited that I am obliged to omit many details 
v7hich would, I believe, be found mteiestmg 


It II V 
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APPENDIX. 

ELECTRICAL TESTS 


Instructions for Ship and Shore 

1 The tests to be applied on shore may be put foi convenience under flyo 
beads Tko instruments on ehoie aio to be connected, as shown m the diagiam 
(No 1), and not to be altered under any pietcnce thioughout the voyage, unless 
insti actions aio leceived fiom the ship to do so 

2 The end of the cable must be bi ought direct to the testing room, and the 
conduotor firmly secuied to the switch S 

3 No, 1 airangemcnt consists of a very high resistance, R, permanently 
attached to the conductoi, and one end of a galvanometer G, the other terminal 
of the galvanometer being connected to eaitli This resistance being a variable 
one, it should be so adjusted as to allow a deflection of about 200 divisions on 
the scale of G fiom the tension of the ship batteiy This deflection novel, on 
any account, to be allowed to exceed 300 The purpose of this ariangeraent 
is to enable Bhips to signal to shoie by eithei leversala oi reduced oi increased 
tension. It will also be an insulation and continuity test for shore, ns well 
as a eontiol tension test foi ship 

4 No 2 anangement consists of a condcnsei, C, connected to nn oidmnry 
key, X, m such a way that it cm be chaiged fioui the line at will, and dis- 
charged thiough tho Gnlvnnometei G' This is toseivc foi a continuity test lor 
ship, to nscoitain the potential of the lino at the shore end, and as a call signal 
when shoio wishes to speak to ship 

5, No 3 is an aiinngemont foi enabling shoio to speak to, or leccivo horn, 
ship thiough a condenser, C', which is connected to tho lino when rcijuucd by 
means of tho switch S'', so that either negative oi positno cuirents liorn bat- 
teiy B may bo sent into the condcnsei This will pioducc on ship’s insulation 
galvanomotei deflections eithei to the left or right, which will lepiesent dots oi 
dashes m tho Moiso code 

6 No 4 is an olectiomotei foi ascertaining tho potential of tho lino 

7 No. 5 is an oidinaiy budge anangement foi testing tho copper resistance 
of the line It must be kept leady foi use, but must not bj any means be con- 
nected to tho line until ship gives oiders foi the test to be made It can then bo 
attached to switch S hy the wnc leading to tho lcsistance R, and it will thus 
not intortoie m the slightest dogiee with the other connections 

8 Tho cable on board the “ Gieat Eastern” will be joined into ono entire 
length, and when joined to the shoie end, ship will chargo and commence the 
insulation test with 100 cells This tension will be maintained thioughout the 
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oyage, unless it should ba thought piudent to altei it, of which duo notice will 
e given to the shore 

9 The lesistance, R, on Bhoie must he so adjusted as to obtain the desired 
efleotion on galvanometei G, and must not again he altered, unless the deflec- 
lon exceed 300 divisions, 01 unless a serious fault oocur, when it will have to 
le leduoed until a sufficient deflection is obtained to enable ship to signal to 
hoie The deflections must be taken at stated intei vals, directly aftei the zero 
if the mstiument has been adjusted, and oaiefully tabulated for future reference 

10 The continuity test (No 2 auangement in diagram No 1) will be applied 
ivery five minutes, commencing at the sixth minute aftei each hour, (unless slioi e 
s speaking to ship, when it can bo discontinued during the time of speaking), 
md the discharge reading caiefullv tabulated One chaige of 10" duration will 
be sufficient for this test It is impoitant, in older to make this reading veiy 
accurate, that it should be as high as possible, arid theiefore the readings should 
always be taken on the same side of the scale, with the zero point at the extreme 
end of the other side, by which means a reading of 600 divisions can ho 
obtained Shunts will have to be employed to regulate these leadings Shore 
must multiply these readings by the value of the shunt (which he will have 
pieviously determined), and telegraph to the ship the tiue value of his reading 

11 Ship will aeveise the cmrent every 18 minutes In addition to this, ship 
will send four reversals of two minutes eaoh, commencing at the 30th minute of 
eaoh hour Aftei each of these levorsals, the tension of the lino must be taken 
on eleotiometei E, condensci C, and galvanometer G As it is important that 
the potential should be taken on E and C simultaneously, S" and S'" will be 
genei ally connected togethei by means of a plug Each of the fom leadings 
of oaoli mstiument must he sent to the ship by No 3 auangement in the 
diagram The ordinary Moise “numhei” code to be used The leadings aie 
to be taken at 31' 30", 33' 30", 35' 30", and at 37' 30". The roading of the 
electrometer test to he sent fhst, then the dischatgo leading from the condenser, 
and lastly the reading on G 

12. Ship’s ordinary way of commumoating to shore will be by K.' (diagram 
No 2), and B', the plug P'" being fiist l amoved At tho end of each word, 
ship pauses long enough to get an apptoximate oi accurate insulation reading 

13 To open communication with shore, ship will give thiee 20" reveisals, 
which will he continued with pauses between, until shoi e gives the “ understand ’’ 

14 Shore's call signal will he one continuity test each minute until attention 
is secured G G will be the signal foi shore to commence speaking, but a 
ie\ei sal from ship will mean that shoie is not to pioceed speaking until tho 
G G signal is given G G would not be doubtful in case of a fault 

15 As ship will he on the alert foi the houily tension test fiom shore, shoie 
need not send the call signal, but may at once piooecd to tiansmit results 
having first sent S S S 

16. If it be found necessary to add to, or altei any of these instiuctions, ship 
will do so by giving due notice to shoio , but in no cose is shoie to depait from 
these instructions, unless ship gives peinnssion (o do so. 
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17. Should ship leveise the ouirent while shoie is speaking, or at any other 
time than that stated in the insti actions, shore will undeistand it as a signal not 
to intei fere in any way with the line until ship gives four 10" revel sals, when 
the ordinaiy signals or speaking may be pioceeded with 

18 Ship will work to Greenwich timo by chronometer, and shore must take 
that time as being oorrect, and work to it 

19 Should a misunderstanding wise while adjusting speaking instiuments 
after the line oi lines are laid, the paying-out speaking airangements must be 
again adopted 

20 Records of the tests made, and lesults obtained, are to be carefully kept, 
both on ship and shore 

21. Once a day, ship will sond distanoe ran , miles paid out , and insulation 
resistance per mile in megohms 

Special Instructions for Ship 

1 The connections are to be made as in the diagram No 2 

2 For ordinary insulation test, plug P must be inserted, and P' and P" 
removed 

3 Minute readings must be taken on G and lecoided Slide resistance SR 

and SR' must not be used or interfeied with except by the electrician on duty 
at tho time. When required to asceitain the resistance of the G P by the slide 
arrangement, the plug P must be removed, and P' and P" inserted When 
altering connections, caie must be taken to shunt off the galvanometei G, so as 
not to allow too strong a cunent to pass though it The resistance of SR and 
SR' must he varied by the slides until the image on tho scale of G stands at 
zero. If n be the number lead on the slides , R, the resistance m line with the 
cable , and I the insulation lesistance of the cable then I = R — 1^ 

The same foimula gives copper resistance if the remote end is put to caith. 

R. H V. 



ths. Weights, and Distribution of the several kinds of Cable on board the different Ships 
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PAPER XII. 

THE ABYSSINIAN KAILWAY* 

BY LIEUTENANT ALLANS, R E 

Wlien the Achance Brigade of the expedition aruved m Annosley Bay, m the 
lattei part of Octobei, 1867, they biought with them enough rails and sleepers 
to lay a mile of tiamway, andadozenlighttiuckstowoikit It was oiigmally 
intended to place the giand dep&ts some distance inland, and it was con- 
sidei od that a light line between them and the piers would be necessary Rails 
weio at once laid from about 100 3 aids above high watei mark down the sheh ing 
sandy beach, as fai as it was practicable to continue the line A gieat saving in 
labour was made by landing stoics at all stages of the tide daect from the Arab 
boats into the waggons, which weie inn out into the watei alongside the foimer. 
Small bianoh hues at othei points were constructed foi convoying sand to raise 
a poi tion of the foieshore Rails wcic laid upon the stone pici as it piogressed, 
which weie of utility for landing pniposes, and assisted gieatly in its con- 
st! uction 

In the middle of Novembei, as soon as it was known that the S00100 Pass would 
be the main route to the Abyssinian Highlands, Lieutenant Colonel Wilkins (the 
Commanding Royal Engineei) dnected that a suivcy foi a light lailway should 
he made from the landing place to ELoomayleh at the enhance to the pass 
The ordeis legal ding tho line were to sate cuttings nnd embankments as muoh 
as possible, and, to effect this, to dimmish the radii of the curves and increase 
the gradients Although the distance between Zoulla and Koomayleh by load 
was only 12f miles, twenty miles of lads and sleepcis weie sent for, ns it was 
consideied piachcable — and if tbo expedition had been prolonged it would have 
been advantageous— to have continued tlio inilway foi tho flist bix miles up the 
Saoioo Pass A small fitting shop was also indented foi and all the requisites 
and lolling stock foi repanmg and woiking the line when completed. In mak- 
ing the survey it was found veiy difficult to deteimme the piopei wateiway 
icquued foi the numeious watei-couises, then diy, which would have to ho 
mossed. Foi the fiist two miles the countiy boie evidence of being at times 
flooded, and it was decided not to raise an embankment, but meiely to give suf- 
ficient waterway foi the oidinary channels, and to allow the whole line to be 

*Tllis paper gives a moie detailed account of tho const! action of this Railway than that which 
appeal ecl In Taper XT, In the last volume Foi a plan and section of the Rallwiij sec that pnpei — £V/ 
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mmdated in tho time of an unusual flood. It would have been impiudent not 
to have provided some outlets, as there was no ceitainty that the line would not 
be lequned duung the rainy season An alluvial plain extended from the coast 
to tho foot of a low ridge of extinct volcanoes, about six miles inland Ovei 
this poition, pait of which was oovered with low thorny jungle, little more 
was necessary than levelling the inequalities of the giound to make it ready for 
the sleepeis Aftei the sixth mile a bioken countiy was reached, and the hue 
enteied a laige stony lavino, through which it wound foi the next mile and-a- 
half, by a succossion of sharp cuives and steep giadients, tho object being to 
save any heavy vvoik whioh, at this poition of tho lailway, would have been 
doubly difficult fiom the necessity of pioviding the walking parties with water 
from a distance of foui mileB, foi the lattei was not piocurable at a nearer point 
until the end of Febiuaij, and then only in a limited quantity 

Fiom this low ridge, a short descending giadienl biought the lailway on to 
the Kooraayleh plain Ilenoe the natural inclination of the country towards 
the Sooroo Pass was about 1 in 40, so, although pietty uniform in slope, it was 
necessary to have recouiso to cuivcs and a winding toituous line to obtain the 
neoessaiy limiting giadient of 1 in 60 This entailed crossing the natural 
diainage of the countiy, and consequently tho constiuetion of many small oul- 
vorts and budges Poitunately, rock was not met with on any poition of the 
railway, although for the last few miles the ground was very stony, and stiewn 
with large boulders, evidently washed down from the hills The total length of 
tho line between the landing place and K-oomayleh was a little over eleven miles 
and a quarter, or about a mile and a quaitei less than tho load made by the 
Quarteimastei General’s Department 

The smvey having been compltted in the middle of Decembei, the laying of 
the lino was at once commenced A company of native sappeis woiked foi a 
short time m lovolling tho giound and forming the appioaches to the Hadas 
budge The gangs of plate-layeis not having yet amved fiom Bombay, intel- 
ligent Chinese caipenteiB weio employed to spike down and fish-plate the rails, 
and a small party of Shohoes*, undei a native non-commissioned officer, biought 
up rails and sleepeis 

At the commencement of the expedition the leconnoitung paity biought 
with them fiom Aden a numbei of 25 ft and 12-ft iron gndeis for barrack 
floors, in the anticipation that they wonld piovo useful On the railway, four 
budges, containing a total of six spans of 25 feet, and seveial small 12-ft cul- 
verts weie made of them, as tho gndeis intended foi the pui poso did not arrive 
until the end of January The safe load on each pau of gndeis being only 
9 cwt pei lineal foot, they had to he suppoited m the oentie by two uprights 
resting on a horizontal sill 

Tho Hadas budge (see PI I) was made m this mannei, the gndeis resting on 
trestles huued 5 feet below the bed of the liver In the middle of June I ex- 
amined it caiefully, after this tempoiaiy stinctuio had stood, foi 5j months, tho 
continual passage of trams ovei it There hadbeeu no settlement noi displacement, 

“ Natives of tho countiy below tlic mountain i irago 
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although the nvei had nsen to within 10 inches of the bottom line of the guders , 
noi were the uprights, supporting the lattei, worn or fiayed by the hammeiing 
of the engine and waggons 

The sketches of this and budge No 7 (Plate II), aie not intended to serve as 
models, hut meiely as examples of constructions which answered, without 
failuie, the purpose for which they weie intended As no timbei was sent 
especially for the lailway, it was impossible to seoure the sizes and quantities 
required for the budges We were compelled to use wood of the dimensions 
which could be be spaied to ub by other depaitments 

The railway cannot be said to havo been piopoily commenced until the middle 
of January, when gangs of plate-layers and coolies, plant and stoics, ai lived from 
Bombay The Hadas budge and branch line being completed, the woik was 
pushed on in the direction of Koomayleh, but the piogiess was very slow, on 
aooount of the want of spikes for fastening down the rails, and the limited sup- 
ply of material which could daily be landed at tho ovei-ciowded pier 

Throughout the expedition, but more particulaily duung the first three 
months fiom its commencement, it was veiy difficult to find out what stores a 
ship was loaded with when she amved m Annesley Bay The Commissariat 
Department had the chaige of shipping eveiything , and often a portion of a 
ship’s oaigo had to be changed, at the last moment, in Bombay, for something 
moie emergency lequued in Abyssinia The railway seemed moie than usually 
unlucky, for rails were sent without spikes, rendeung them useless , when the 
latter were piocuied, it was found that the augers (for boring holes in tho 
sleepeis) had been loft behmd to come in another ship I may mention that the 
laying of the lino was gieatly expedited by the artizans of the Punjaub Pioneer 
Regiment (23rd), who made excellent augers, and repaired those daily bioken 
on the works. Their woikshop was on the giound in tho burning sun, and a few 
simple tools, coined on a mule, weie all they lequued to tain out augeis bettei 
adapted for boring the hard wood of the sleepeis, than thoso of English make 

Two engines and a sufficient number of trucks to foun two tiams were 
landed in the middle of Januaiy, and immediately the lesouioes of the railway 
weie taxed to the utmost in bnngmg up the commissariat and militaiy stores 
from the pieis to the stole sheds So great indeed weie the demands on the two 
piers duiing the first three months of the year, that it was with the greatest 
difficulty the railway plant and stoies weie landed. So many tiains were in 
requisition foi other purposes, that it was almost impossible to keep the plate- 
laying parties at the end of the line supplied with matenal In Januaiy, gangs 
of the Army Woiks Corps, an mganised body of coolies, commenced to arrive 
fiom Bombay. Owing, however, to the gieat demand foi laboui there, and the 
objection that the natives of India have to moss the sea, the men composing it 
were physically much below the oidmaiy standaid of native laboui ers, and the 
aitizans, as a lule, weie very mdiffeient woikmen They were especially 
intended foi the railway, and weie supposed to be about 1,200 stiongj but I do 
not hehovo theie were ever moie than half this nurnbm employed upon it. 
Some gangs, composed of Chinese, picked up in Bombay, woiked exceedingly 
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well, gave no tiouble, and were \eiy useful in oanymg heavy weights. Undei 
the efficient dnection of officers detailed foi the puipose, the Army Works Coips 
did a great deal of valuable work, and weie used for many duties whioh could 
not have been peiformed by Sepoys 

The head-quaiter wing of the 23id Eunjaub Pioneer Regiment (about 400 
sti ong), undei Maj 01 (now Lieutenant-colonel), Chamberlain was detached for work 
on the railway m the middle of Januaiy They continued about 2 months em- 
ployed on its constinction and proved most useful, woikiug with gieat alacnty 
under the moBt trying ciroumstanoes. These men, admuably oiganised, equipped, 
and olothed, and accustomed to make hill roads in India dunng peace time, wei e 
especially adapted foi this woik. Captain (now Majoi) Dan ah, R E , was in chai ge 
of the lailway during the whole time of its oonBti uetion. He had as assistants 
two engineer subalterns (Lieutenant Penncfathei, late Madras, and Lieutenant 
Willans), and Lieutenant Graham, 108th Eegiment , Lieutenant Phillpotts, E N , 
was also attached to the lailway foi the purpose of landing plant and material, 
and making the necessaiy anangements foi disohaigmg the vessels in the hai- 
boui, containing railway stoies Lieutenant Baird, E E., ariived in the end of 
Pehiuary, and took over at once the onerous duties of traffic manager Lieu- 
tenant Penuefather, E E , had charge of the aocount department , for the large 
staff of civilians, for working the line, entailed a series of complicated accounts, 
the responsibility of whioh rested with Captain Danah. The commissariat ai- 
langements and tenting devolved upon Lieutenant Graham The special duties 
which were allotted to each officei, did not prevent his being employed with the 
working parties, when he had available leisuie, but the principal portion of the 
outdooi work, and the constiuction of the line with its bridges, was done by 
Captain Dan ah, assisted up to the middle of Maich by Lieutenant Willans 
There was a gieat want of non-commissioned officers, especially those having a 
knowledge of Hmdoostanee , indeed, only one Sergeant of the Royal Engineers 
(Madias Sappers and Mmeis) was available as an oveiseer on the railway works * 
Some men of the 4th (King’s Own) Regiment were employed as platelayers, 
carpenteis, and oleiks, and afterwaids some of tho 4fith Regiment as carpenters 
and blacksmiths A few of them remained on tho work until the end of the 
expedition, although as a rule they ]omed their xegiment when they maiched 
from Zoulla 

Dunng the month of Januaiy, about four miles of lailway oici the sandy plain, 
and three sidings at Zoulla, weie made. The lattei, though taking but few men, 
to construct, gave a gieat deal of tiouble, owing to the want of skilled laboui” 
necessaiy to lay them propeily, and the inteiruption to the traffic they caused, 
when the line wns broken up to insert them Fiom the fust day that a loco- 
motive got up steam, the additional diffioulty of supplying it with water was 
imposed upon us 

The tank engines, with modeiate woik, consumed about 1,000 gallons a-day , 
and at the fii st the expeiiment was tried of mixing a small amount of salt water 
* Two EjCigCttUls of ttio Boinlmy tappou wcio otnplojod, In addition, fium the commencement of 
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with the condensed, to economize, as fni as possible, the lattei It was found, 
howevei, not to answer, foi although some locomotives aie constructed to use salt 
watei, the pruning, m one case, was so great with watei in the slightest degiee 
blackish, as to reudei the engine almost useless, and to cause a much lai ger quan- 
tity of condensed watei being lequned than when it was solely fed fiorn the 
lattei source A small condensei on the pier was given up exclusively for rail- 
way pui poses It did not yield, howevei, enough watei, and the deficiency had 
to he supplied by the alow and labouous piocesa of pumping fiom watei -boats 
brought alongside the pier Engines when detained on the line had often to 
leave then trains and lun down to the pier to take in watei, and in some cases 
even to di aw thou flies, not having enough water to bung them down theie, 
causing very great delay, inconvenience, and loss 

The discoveiy of water at points along the line was almost, if not actually, 
essential to the success of the lailway. Majoi Chambeilnm lecogmzing the 
gieat necessity foi obtaining it, detached sevtial paities of skilled well-sinkers 
fiom the 23rd Punjaub Pioneers to dig wells m likely places m the alluvial soil 
Aftei soveial trials, a hot spring was met with 55 feet below the srnface of the 
giound, and about miles from Zonlla. The tempeiature of the watei when 
raised was 120 deg F , but by exposing it in open bairels for a day it became 
ns cool as the watei from the shipping Although it contained a consideiablo 
amount of saline matter, it waB not undunkable, and worked modeiately well 
for the engines Soon two othei wells weie sunk, and the yield, amounting to 
about 12,000 gallons per diem, enabled ns to establish tanks there for wateung 
the engines, and to give up entuoly the troublesome and precanous supply at the 
piei It also allowed us to move out working parties ahead of the plate-layers, 
which had before been almost impracticable, as water had to be bi ought by 
lailway fiom Zoulla foi then use, and the Engineer officeis were supposed to 
make arrangements for doing so I can hardly oveistate the pievious delays 
and difficulties we encountered owing to the uncertainty and shortness of the 
water supply One and a half gallons per diem were supposed to be allotted to 
each man, not an over abundant supply wheie woik was earned on all day 
under a burning sun and often through patching dnst stoims But until we 
got our own wells there was no certainty whether the appoi honed amount 
would he given oi not at the watering places Often aftei working fiom day- 
light until noon, the natives could not cook then food, owing to the watei -lation 
not having been served out, and the afternoon’s woik had to he postponed until 
a small supply was obtained That it was unavoidable, no one can doubt, and 
my only leason foi stating it is to give some idea of the difficulties, other than 
engmeeung, in our way 

In the commencement of Fcbi uaiy, the railway had neaily reached to the 
foot of the low hills, about bix miles from the coast Captain Dairah theiefore 
applied fov the military working paities to baincieased, in order that the plate- 
laying might not he delayed by the -earthwork A well was also commenced at 
the site of the railway bridge in the stony lavine, m hopes that watei might 
be obtained, and the camps moved on theie, foi marching the men neaily thiee 
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miles from then piesent camp to then woik, entailed gieat loss of time As 
the responsibility of pioviding water foi the woiking paities dovolved upon 
Captain Dariah, it would have been veiy hazaidous and imprudent, with the 
expenenee gamed by oui pievious difficulties at Zoulla, to have sent a laige 
number of men to a place where there was no watei, and wheie it would have 
had to be brought upon mules fioin a long distance, to supply them 

About the middle of Febiuaiy, a wing of the 2nd Gienadiei Regiment (Bom- 
bay Native Infantiy) was despatched foi work on the lailway The plate-lay- 
ing, howevei, advanced slowly, foi the lails had neaily all to be stiniglitened, 
and many of them to be cut, being veiy much worn, mooted, and of odd lengths 
When the government of Bombay dotei mined that the lailway plant, stoies, 
and rolling stock should be sent entirely fiom India, it was found that light 
mils of the same pattern were not obtainable foi the number of miles lequncd 
The railways at Madias, Kuirachee, and Bomba), were indented upon, and the 
result was that we weie supplied with lails of no less than five diflbient pat- 
terns 

For the first two miles a single flanged fish-plated rail, weighing about 451bs 
a yaid was used, which answered very satisfactouly, made an easy load, and 
was everything that was requued Then foi the next four miles we weie com- 
pelled to lay down those sent fiom Kuiraoliee, single-flanged rails, weighing 
about 50 lbs to the yard, and having joint-chaus instead of fish-plates They 
had been in use for many yeais on the harboui works at Kuiiachee , taken up 
and laid down seveial times , bent to fit shaip curves, and cut to suit the origi- 
nal lino , so that when they aruved in Zoulla, a gieat poition of them weie use- 
less So bad weio they, that if the expedition had lasted anothei year, wo 
should have been compelled to substitute othoi mils foi them, and on more than 
one occasion the engine has gone off the line, owing to a mil having bioken 
between two sleepeis. The use of joint-chans instead of fish-plates, the formei 
being of wrought iron and very bad, made a very rough line, and the want of 
pioper ballast rendered it woise A small quantity of single flanged rails, 
weighing 40 lbs. to the yaid, weie sent from Bombay, and had been fitted theie 
in the government woikshops with fish-plates and bolts Unfoitunately, the 
holes m the plates and rails weie not at unifoim distances apait, and the bolts 
fitted the holes bo tightly as to allow of no play This lendeied the stiaighten- 
mg and adjustment of the line almost impossible, and although they weie well 
suited foi the woik, we were obliged to reject them 

A double-headed fish plated rail, with chans, weighing 05 lbs a yard, was 
purposely left until the heavy giadients and shaip curves weie reached A rail 
with chans takes considerably more time to lay than a single-flanged one with 
spikes s it is not, tkerefoio, so well adapted for lapid woik as the more tempo- 
rary rail Its weight was also against its use, as with ohans it cannot have 
weighed less than 95 lbs a yard, but theie was no comparison between the 
finished lines of the two descriptions The smooth travelling on the poit of 
tho railway laid with the double-headed lail, and the ease with which it was 
kept in repair, almost repaid for the increased tionble and delay in laying it 
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A quantity of 30 lbs and 35 lbs mils were also sent with east non joint chans, 
but they weie loo light to lay on the main line, and wcio used only on sidings , 
they hero showed how badly they weie adaptod foi fast tialfic, by bending 
botweon the slcepeis 

The rolling stock was, howevei , ft much gi eater source ol ti ouble than the rails 

Six locomotives weio shipped fiom Bombnj, but owing to the gieat difficulty 
m landing them, and the time and skilled Inborn lequnod to put them togcthci, 
only four weio used on the railway 

No 1 A tank engine, although jUBt turned out of the lailway woikshops at 
Bombay, after lunmng foi a foitnight, had to bo supplied with new duving 
wheels It had six wheels, two pans of Minch weio coupled, and with gieat 
difficulty ian lound the cuives, owing to theio being no play in the axle boxes, 

No 2 Anothei small tank engine (6 wheeled) was very well adaptod foi the 
lino, although old. The boilei tubes weie woin out, and had to be leplaced in 
Abyssinia 

Nos 3 and 4 weio also tank engines with only 4 wheels oaoh , this givos 
gieat facility foi lunning lound cuives, although daugoioua foi fast tiaffle 
'lliesc locomotives were of a cheap discuption and old, having beon in use foi 
manyyoais at Itunndieo The woikmg paitsof the maclunciy weio outsido 
the wheels, an airangomont veiy badly suited foi a sandy plain whole dust, 
storms weio of constant occuirenco, as tho sand penetiated into the exposed 
paits, and soon woie away tho healings All those engines weie veiy light, 
weighing with coal and water fiom 18 to 20 tons each , none of them wero 
poweiful, and the best one oould only diaw 15 small loaded ti ucks up an incline 
of 1 in 60. 

Sixty waggons wore sent foi woikmg tho line They weio the ouhnniy 
tiolhes, without spungs They had ongmally belonged to a loclamation com- 
pany m Bombay, and having been used foi lunmng only two oi thice miles at a 
time along a railway, weie not furnished with giease boxes, and weie not 
adapted foi a longer journey The axle hearings being of cast-non, and open 
to the duving sand, wore soon worn through , indeed, I have known a ti uck thus 
incapacitated by ft fortnight’s innmng on the line Gun metal healings weie 
sent foi to Bombay and arrived in May, but few tracks weie fitted with them 
The want of springs and spung bnffeis weio gieat causes of weni and teat to 
the rolling stock Ihc line being rough, and eveiy track being loaded to its 
utmost capacity, the jailing and oscillation men eased the tiaction, moic especially 
wheie there was no give or take fiom the springs, and evciyflnng was dead 
weight on the engmo Coupling chains weie biokcn and coupling bins pulled 
out from the waggons at starting The boxes containing the spare coupling 
chains bad been left behind at Bombay, oi were beneath seveial bundled tons 
of railway iron on boaid ship Fiom all these causes combined wo vvei o always 
veiy slioit of huokB, and nt least 40 pei cent, were continually undci lepair, 
or condemned ns unfit foi fuitliei semee In May, some open waggons with 
spungs and spung buffeis weie sent fiom Bombay, then axles weio too far 
apait to ran easily lound tho cuives, but seveial woio altoicd and fitted with 
covers and seats to form passengti carnages 
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On the 10th Fcbiuaij', about half tho Imo being completed, and n siding made 
nl the Q,uu teunastoi Gcnoial’s load, this poitiou of the kilo w lis opened foi 
tiathc Fiom ibis dato almost all the commissanat stoics weic biought up In 
lail fiom Zoulla, tbo baggago animals lcmoycd to ICoomayloh, and tho cnomous 
evpcnso ofpiovidmg them w ith condensed watci at tbo toiinoi place, gieatly 
l educed in consequence Tho lailwuy was now taved to its utmost to bung up 
these supplies, foui to seven tiams being icquned daily foi tbo puiposo, and at 
tho same time to hoop tho plate-laying pailies m matenal. 

Two small non giuloi budges weic built close to tho Quarteimastci Geneial’s 
load, No 5 of two Bpans of 20 feet, and No. 6 ouo span of 25 feet Tho tiostlos 
foi both weie picpaied m Zoulla, and when biought to the site, it took tlnoo 
days to complete tho biulgos The oaithvvoik of tkeiailway commenced hoi o, 
foi hitherto it had been only levelling tho giouud, and foimmg appioaohes to 
tho budges , but as the working paitios weie stiong, thoie was no uiinocossaiy 
delay io the plate-laying, oil account of its being unfinished Fortunately the 
Punjaub Pioneeis again found watoi at the site of budge No 7, 70 feet below 
the bed of the diy watoi couiso, and sunk a well there, whioh was a model of 
neat and good woik The camps weio moved close to this spot, but the supply 
of vvater was not enough foi eveiyono, and 1,200 gallons a day had to be brought 
up by railway bom the Pionoei well 

Commencing at budge No 7, tbe hue wound thiough the lavme with an as- 
cending gradient of 1 in 91 and with numeious cuivcs up to the heaviest cutting 
mid sharpest cm vo on tho lino which was about 1,500 feet from tho budge 
Tho depth of the fonnci was about 9 ft , and tlio ladiusof the lattei 870 ft To 
meet tho ineicascd labour so ui gently icquned at this timo, the othoi wing of 
tho 2nd Gienaditi Rcgimont Bombay Native Infantiy, was sent to join tbe 
lailway camp , but at the voiy end of February tho Punjaub Pioneeis weio 
ordeiodto the fi out and their plaoe supplied by a weak wing of tbe 46th 
Regiment. To say that we weie great loseis by the exchange, is no slur on the 
lattei regiment, foi thoy woio numencnlly about one-thud less than tho Pioneers, 
had had no previous tiaimng m using the pick aud shovel, and weie incapable 
of the sevoie woik in tho burning sun, which came almost natuiaUy to tho 
Indian tioops Tho Gienadier Native Infantry Regiment, stimuH^ld by tho 
unusual sight to thorn of Emopean soldicis boing oalled upon to fusSfeh woikmg 
pai ties, uicieascd then exertions, and until the close of tho expedition, in the 
most intense heat, labouied with such aluoiity as to call foi special commenda- 
tion in tho loport of tho Commanding Royat Engmcei 

The fekew Budgo (No 7), soc PI II, was commenced m the fiist week in 
Mai oh, and finished m ton days At tho same time foui small 12 feet gudei 
culverts weic constiuctod, and on tho 25th of Maich the iails had been laid up 
to the Koomayleli plain. In the lattei pait of Januaiy, Lieut (now Captiun) 
Meicwcthei, BE , was dnected by the Commanding Koyal Engineor to com- 
mence the eaithwoik of the lino bom Ivooinaj loh At fiist thoie was some 
difficulty iii obtaining woikmg parties, but having a company ot tbo Madias 
b uppers at his disposal, being furnished with some mihtiuj Inborn, and ncithei 
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tho cutting;, noi the embankments being heavy on this poition of the hue, tho 
woik was lopoitcd completed up to tho ond of tho Koonuiyloh plain, in tlu 
middle of Maioh Very unfoitunatcly, however, owing to Captain Mciowethoi 
having been on the sick list, and unable to aupeiintend the woik in peison, it 
was found that tho line had not been aceuiatcly enough maiked out, that on 
tho curves theiadn were not the saino at different points on the same cuivc, 
and consequently a huge portion of the line had to bo lejected. The company 
of Madias Sappcis and Mineis ijxcavatod a well on thoKoomayloh plain, wlicio 
watei was obtained 90 feet bolow tho suifaeo, m sufficient quantity to supply 
tho railway The camp was theiofoie moved and pitched close to this well 
Tho wmg of tho 45th Regiment left foi tho fiont about the 28th Much, and 
consequently the whole woik devolved upon the 2nd Gicnadieis and tho Aimy 
Woiks Corps. Shoitly afteiwaids tho head-quaitois wmg of the Gionndiois 
was withdrawn, and leplaced by a wing of tho 18th Bombay Native Infantiy 

In the latter part of March, a now siding w ns finished about 3 miles from 
Koomayleh, and 9 from Zoulla, and tho now poition ot tho lino repoited to the 
Commanding Royal Engincor, as loady to be opened foi tiaffic Tho 50 lbs. 
single flanged mils (Kuiracheo) weio, howcvei, so veiy bad, that ho thought it 
advisable to substitute foi thorn the now fish plated mil (63 lbs ) with chons 
Foituuatoly almost all tho extension consisted ot tho lattci lail, and although 
thoro was some delay m leplacing the ioimoi, wlieie it had boon laid, this c\tin 
portion was open to tiaffic on tho 28th Maioli Tho heat had now become so 
intense that it was impossible to get tho same amount of physical laboui fiom 
the woikpeople as hoietofoio. 'Iho lailway piogiessed slowly, the encigios of 
tho officeis borng directodtothewoiknigof the line, as well as to its constmction 
The watering, coaling, shunting, and lopamng abstiaeted moil who othoi- 
wise would have been pushing on the construction In tho end of Apul, tho 
fall of Magdala being known, the Commanding Royal Engmcoi thought it 
advisable to teiminato tho lino when it had leached about ono mile hom 
ICoomayleh, and to piepaio foi tho great tiaffic which it would havo to bear on 
tho return of the tioops A loop-line and station sheds weio accordingly made 
at tho tei minus 

Tho total quantity of lino laid was 12 miles 106 yaids, although the length 
of tho mam line was undci 11 miles, tho diffeicnco being made up by sidings and 
a branch lino to one of tho pieis Fiom tho middlo of May to tho close of the 
expedition in the middle ot Juno, the lailway was taxed to its utmost working 
capabilities m conveying tioops, bnggago, and stoics. Tho anangements for 
woikmg the lino had boon much improved Tclegiaph stations weie placed at 
Zoulla, Pioneer wells, and the Koomaylch teimmus Watering tanks weio 
elected at the Pioneei wells, whioh was tho main watering place on the line , a 
stand pipe and tank weie fixed at the siding in Koomayleli plain, and a fiio 
engine stationed at the bridgo m Stony Ravine, to supply tho engines with 
watoi At the Pionoei wells sheds had been built foi lcpaning engines and 
waggons , sidings, foi tho lolling stock to remain m at night, constiuctod , mid 
all tile civilian employes camped theie close to then woik 
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A commodious station was mado at Zoulla, which pioved vety couvoment, 
ilthough most of the trains lan direct down to the puns The woiliing houis 
in the lailway commenced daily at 4.30 a m , and often weie not ovei till past 
ten m the evening Thiee trains only could be made up, as many ol the wag- 
gons weie hois-de-combat, and it was only by the most strenuous cxeitions that 
the locomotives could be kept m working ordei The nights were devoted to 
then ropan , but they got woisc and worse daily At the eud it was found that 
two of them weie not woith the lahoui and expense of le embaikation, and 
they were nccoidingly abandoned 

As legaids tho question whethei this lailway might not have been better and 
moio quickly mado by a civil contractoi than by officers of the coips with mili- 
tary and organized labom, I think the evidence is in favour ot tho latter An 
English firm could not liavo employod Euiopean navvies in tho burning sun on 
tho shores of tho Red bta, and the laboui must have been brought fiom either 
Egypt 01 India It would have taken moie time for a oontractoi to have 01- 
gamzed aud despatched gangs of Egyptians to Zoulla than foi tho Bombay 
government to have sent the necessaiy laboui fiom India , foi it should be 
remembeied that it was not determined by the government of Bombay to have 
a railway until the end of Noveinbu, 1867 
"When the guarantee of the state, and the promise of high pay, failed to bring 
a good class of Coolie fiom India, a contiaotoi would have had httle piospect 
of sccuung any but tho most nidiffeieut hands, as laboui was in gloat demand 
foi the othei depaitmeuts ot tho expedition All the offioois on tho railway 
wore accustomed to employ natives on the public works m India, weie ac- 
quainted with thou languago, and undcistood tlicu management, qualifications 
which can be raicly met with out of the government service, and which can 
soarcely be ovonated Wheie neithei food noi water was to bo pmehased, 
wlieie no local laboui was obtainable, wheie even shelter for.woikmen had to 
ho impoitcd, and where all the stoies had to he landed at an ovei ciowd^d pier, 
it is hardly piobable that a contiactor could have made his own airangements 
foi eveiy thing, without the help of the military departments It requuod all 
the influence of the Royal Engiueoi oflieeis topioeuie such necessaiy assistance 
as baiges foi lauding plant and stores, accommodation at the piei for discharging 
them, tiains to hung up the matenal to the plate-laying paitics, besides lation- 
ing tho men, and pioviding them with water Tho above can suiely be done at 
the place of debaikation of an aimy bettei by offleors than civilians 
We did not complain of the want of skilled labour on the Abyssinian railway, 
we could liavo pushed on much fastei if the plate-laying paities had been sup. 
plied with a sufficient amount of good material, foi the latter had to be lai gely 
rejected on account of its infeiioiity Plato-laymg is easily learned, and men 
accustomed to work together will soon understand the oideis of a foreman No 
gieat speed is lequued on a militaiy lailway, and, consequently, the line may 
bo laid much more roughly than on an ordinary line, wheie it is lequisite to 
run quick trams 

I venture to add tho following romaiks suggested by oui expenenco m 
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Abyssinia A nai row gauge line is most piefoiablo foi a military lmhvay, as 
tlio waggons aie lighten, mn lonnd tile sharp eiuvcs with gieatei facility, and 
whon they run ofl the line aie more easily got hack again, than those made for 
abioadguagc In consti notion, a shoit heavy gradient on a Btiaight line, is 
prefciable to a shaip curve as on alternative Tiains can lush at the formei 
and overcome tho resistance (which only aots one way) by then momentum 
On a cui ve theie is the liability of mnning off the line, and the resistance, which 
is veiy considerable on a rough one, acts both ways Oui sharpest cm ve on the 
Abyssinian 1 ail way had a rndius of 870 feet, and was on an incline of 1 in 91 
With a nanower gauge than the Indian (6 feet 6 inches) wo might have 
adopted even a smaller radius Tho heaviest giadient was 1 in 60, often com- 
bined with shaip curves 

A single flanged ml weighing about 40 lbs. pei yard is most suitable foi a 
military railway * It should be fish-plated, and in lengths of 24 feet If 
wooden sleepers aie used, the mil is most quickly fastened to them for a 
temporal y line by 4 inch spikes nailed into the sleepers, which are first 
bored with an auger. ConBideiable trouble is found, however, when this method 
is adopted, in keeping the line in gauge lound sharp curves, and also at points 
Chans decidedly should be used for tholattei if possible Wheie theie are only 
light tank engines, 9 sleepeis to each lail will suffico, those at each sido ol the 
fish-plates, centncally, 2 feet apait, and the lemaiudei about 2 feet 9 inches It 
will be found convenient, and plate-layers say it makes a much easier hue, to 
have the fish-plates on each line of rail exactly opposite each othei This 
necessitates cutting a lail on long curves, where the inner line is shortei than 
tho outei one 

Iron pot-sleepers would be well adapted for a military lailway f The Com- 
manding Royal Engineer in Abyssinia sent to Bombay foi them, but they 
could not bo obtained for a light rail lion pot-sleepers would be easily carried 
and loaded on railway tiucks (the wooden ones were continually diopping off 
the waggons) The tie lod connecting the foimer could, without difficulty, be 
fixed m its place by an oidmary soldier or Sepoy, and the lino can never bo out 
of gauge when once laid The pot-sleepci, being in two parts, is carried with 
much gieatei ease than the unwieldy wooden one, which is veiy awkward for 
men unaccustomed to lift heavy weights 

The small wrought iron gudoTs made up m Bombay for Abyssinia, weie well 
adapted for bridges They were in two lengths, 14 and 22 feet, answering for 
spans of 12 and 20 feet They woie calculated for a woikmg load of 1 ton pci 
lunmng foot, lather in excess of our requirements The weight of the largei 
one was about a ton, and it was oonveyed and put up without difficulty Gir- 

* Majoi Dan all differs with mo on this point Ho considers tlint in all cases a lail will! chnlis 
and fish plates should ho used 

t Hajoi Daiiah thinks that Iron pot sloopors would bo most probably biokon In luigo numbois, 
heroic they icaobod tho pinto laying pniltes A voiy small poi ccntngo of tho cast lion chains ivcio 
damaged In tiauslt fi om tho ships to tho head ol tho line in Ahjssmiu, «o I concludo that the loss 
would not bo laige with the pot sloopors 
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ders of 30 cwt would not be inconveniently laigo, if it weie definable tomoieaso 
the spans of tho budges Wooden trest'es make good tomponuy pieis, and 3-in 
sheet piling, driven by heavy mallets, letnins small embankments well at tho 
abutments Tho budges on tho Abyssinian laihvay were not good examples 
of oonstiuotion, as tbeie was no timbei sent especially foi them , this should 
not be neglected in futuie, and it was with great difficulty that wood of any 
description was obtained 

We found it advisable to divide the plate-layeis into four paities, according 
to tho following plan — 

1st Paity — 2 N C officeis .... .... 

8 Men (Natives) 

2nd Paity —1 Foieman (Civilian) ... 

1 Native Ganger . ..... 

8 Men (augers) 1 " 

8 ditto (hammeis) . > |j 

8 ditto (ciowbius) ) ft 

3rd Paity — 1 Foieman (Civilian) ... 

INC. officci plate-layer .... 

1 Native ganger with party varying 

fiom 20 to 50 

4th Paity — 1 Foieman plate-layer . .... 

1 N C officei plate-layer 

2 Gangeis with two gangs (native) 

fiom40tol00 

It is impossible to give a correct estimate of tho numbei of men required to 
cany lails and sleepeis to keep tho above parties supplied with matcual, as the 
lengths of the leads varied veiy much On an average, where the ballast trains 
came np to tho end of the line, as it was laid, about 120 men (natives) woi o 
employed m canying tails and sleepers, and in unloading timns. 

Tho rate of piogiess in Abyssinia with tho single flanged rail, without chans, 
wheie tlieic was no delay on account of the want of rails, &o , was neaily 400 
yaids a-day (10 woiking horns) , when the double flanged lail with ckaus was 
used it was much less, being about 260 yaids 

Tank engines me no doubt the best adapted foi a tempoiaiy line, tlioy aio 
nioie poweiful foi their weight, and, consequently, can he made lighter than 
thoso with tendeis, and lequuo no tuin-tablos, as they run citliei end foiemost 
with equal facility They aie, howevei, very destructive to the lino for then 
weight, and lequuo tiouhle and expenonce in woiking them 

Tho^ trucks should have their axles as close almost as the wheels on each side 
will peimit, and should he small and light Those we used weighed about two 
tons, but they leqniied moio power to diag than those properly made with 
spnngs, and three tons in weight 

All waggons should have springs, and also spung buffers Economy alone 
can piecludo these being furnished , tho longhoi the lmo, tho moio needful and 
advantageous aio waggons of this description 
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Sides to waggons aio useful, but the ontches foi lotting one sido down should 
not bo liable to bo jeiked up by the motion of tho tinin I have seen sovoial 
waggons tin own off the line by then contents falling on tho l ails, owing to 
defective catches which became loosened 

Coveied waggons would be comement foi some pm poses, but would not 
answer foi tiusses of foiage, &c , and m a hot climate could not bo used foi 
ti oops, unless constructed with seveial huge doois We found in Abyssinia 
that the ordinary small waggons *vere not suited for caiiymg lads, tho length 
of the lattei (24 feet) obliging them to be placed on two waggons, and often 
causing one of the tiucks to uin off the lme at tho flist cuive Waggons 
should be made on pmpose for roils and sleepers, especially where there aio 
no appliances foi loading high trucks. The platfoim should not be lngbei 
than 4 feet, so that the tails and sleepeis can be easily lifted on to them Foi 
a line with sharp curves, it would be advantageous to use bogies 
The civil establishment foi woiking the Abyssiuian lme, when it was com- 
pleted and m full woik, was as follows — 

1 Storekeeper. 

4 Engine-drivers 

5 Firemen. 

3 Station Masteis 

6 Quaids (3 natives) 

5 Cleiks (1 native). 

3 Hallway telegiaph signal men 
12 Pointsmen and signalmen (natives) 

The lepairmg shops engaged the following — 

1 Locomotive foreman, 

6 Fitteis (2 natives) 

3 Boiler-makois* 

with a numboi of native mechanics (about 60) 

We may conclude that wo had to execute in oui woiksliops tho maximum 
amount of lopaus, m propoition to the tiaffio and length of tho line, that can 
well he mourred on any railway 

A very oompleto fitting shop was sent fiom Bombay, including steam lathes, 
stationary engines, quaiters for meohanics, &c It was novel put up, aud 
piovcd more m the way than otheiwise , for any caicful packing anangoments 
made m Bombay were altogethei neutralised by the vessel which biought them 
going ashore mthe Bed Sea, and by her caigo being transfoned to anothei ship 
We weie, therefoie, often obliged to land heavy machineiy to piocure ubcM 
stoies, buued beneath it m the hold of the vessel 

'lhe civil establishment, picked np in Bombay at a short notice, and without 
increased rate of pay being offeied to them, could scaicely be expected to give 
satisfaction, although in some instances we met with valuable seiviees Some 
of the employes were dismissed, and then places supplied by piomoting those 
who seemed deseiving men We lost through casualties and dismissal about 
23 pei cent of the Euiopean civilians, and they weie always a somoo of houble 
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and anxiety to us, and I tlnnk it would bo ndwsablo to substitute foi them, as 
fai as possible, mon fiom the tanks 

Intelligent non commissioned officeis would mako good Btation masteis, as 
then most important duty is to obey oiders Guards conld be furnished m the 
same manner Pointsmen and signalmen could easily, if requited, be supplied 
fiom tha ianks Engine duveis and foiemen plate-layers aio about the only 
men whoso places could not he filled from the army 01 navy Fnemen and 
fitters can be supphed from the latter, and for some tune on the Abyssinian 
imlway, the duties of locomotive foieman were efficiently poifouncd by one of 
the engineei officers kindly lont foi tho pm pose from HUS " Octavia ” 

The Abyssinian railway was a great success, if we may gauge it by tho 
amount of assistance it gave to the expedition, by the saving in money it effected 
by allowing the baggage animals, at an early date, to be taken away from 
Zoulla (where they were drinking condensed water at an enoimous cost), and by 
the help it gave to tho Land Transpoit Coips, m enabling them to send these 
animals to the front , by the celerity and dispatch, with which by its aid stoies 
woie landed and brought up to tho store sheds j and by the lapidity and ease 
with whioh the troops and their baggage woie bi ought back and re-embarked 
at onoc. 

It cannot he taken ob an example of the timo in which a military railway 
ought to he constructed, if theie were no impediments in its way. From this 
point of viowit was often judged by civilians as a failuio, hut as an auxihaiy 
to the expedition, and as an additional means of tianspoit, no one, who had.any- 
thmg to do in connection with it, can have doubted its oxtieme utility 
Constructed under the most unfavouiable cucumstances, in extreme heat, 
which sometimes reached 180° F m the sun, with mdiffeient matei lals and bad 
rolling stock, itneveitheless ptoies how necessary in future it will be to piovide 
all our military expeditions with a light 1 ail way at their points of debarkation 


T J. W. 
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CASEMATE AND SHIELD EXPERIMENTS 

By LIEUT -COL. INGLIS, II E 


In 1865, two masonry casemates, with, ombiasuies in non shields, formed the 
subject of a lengthened senes of tnals at Shoebuiyuess In 1868 a still moie 
extensive sot of expenments was undertaken, embiacmg the tual of two 
casemates wholly fionted with non, as well as otliei woiks Thoie have also 
boon separate tnals of two gun alnolds, which have not yot been noticod in tlioso 
volumes The present paper givos an account of all these expenments, and it 
also brings uj) the usual summary of cuirent tnals to tho piesent time 

They are auanged, as far as possible, m the order m which they occuned 
The plates will help to rcndei intelligible the description of the more mipoitant 
of these woiks, and they will also, to some extept, assist in the account of tho 
trials, inasmuch as they show the position of all the shot maiks. The tables 
give tho paiticulais of tho piactice, and the effects of each lound in detail 

1 Masonry Casemates with Iron Shields, Plb I and II 

Tho object of this tual was twofold Enst — To ascertain the lcsistmg 
powers of a masonry easomated woilt of modem type Second — To test tho 
suitability and convenience of such a woik foi all Aitillevy purposes. 

Plates I and II show the stiuotuie expoumonted upon 

It consisted of two contiguous giani'e faced buck casemates Tho vaulting 
ovei one casemate lepiesented tho mtei mediate flooi of a tvvo-tiei foi t, that over 
the other a bomb-pioof roof canying a tene-plein Tho floois of both were 
made up solid from the giound 

For the sake of bicvity tho light casemate will be lieie called No 1, tho left 
No 2, as maiked on the plates 

Tho granite front of the woik was in seven coiuses, varying fiom 1 ft. 10 m, 
to 3 ft in height (avmage 2 ft 4f m ) The thickness ot the fiont wall, oi 
rather of the piers, was Id ft. , tho depth of the face stones vanod fiom 6 ft, to 
8 ft. The surface of the giamto fiont mcnsuied 43 ft to 46 ft , by 16 ft 8 m, 
m height The ontue height of the fiont was 20 ft. 5 in. to 21 ft 5 in,, tho 
difference being made up ol bnckwoik. 



CASEMATE AND SHIELD EXPERIMENTS 


Thcie weie 11 blocks of giamte undei 4 tons OTch 

„ 30 „ „ between 4 and 8 „ 

„ 0 „ » 8 » 10 >• 

„ 2 „ „ „ 10 „ 12 „ 

„ 3 „ „ slightly ovei 12 „ 

Total 65 

The blocks of the foui lowei oouises of No 1 casemate weie backed by granite 
The uppei oomses, including the aich stones, eithci by sandstone, oi lnick-woik, 
or concrete. The granite of the six lower courses of No. 2 was backed by buck- 
woik, that of the uppei couise by ooncieto Everything m the way of ciainps, 
dowels, or joggles, to sccuie the giamte woik was purposely dispensed with 
The main pait of the granite was fiom. the Pm Quamos, in Cornwall, and the 
Delank, m Devonshite Six laige blocks, used in the thud and fomth couises 
of the centre piei, weie fiom the Isle of Mull, on the Aigyleshne Coast. It may 
here, at once, bo said that little oi no diffeience was found to exist as to the 
durability undei the of these seveial nataies of granite. 

The walls and vaulting of both casemates wcic of buck-work m Poi tland cement 
The arolung of No 1 was in foui half buck lings, making a thiokness of 
1 ft 1 in , with conoicte filling, to a level 13 in over the crown That of No 2 
was in six lings, or 2 ft 4 in thick, coveied with couciete, to a level 3 ft above 
the crown. 

The front of each casemate was closed by an iron shield. The opouuig filled 
by the shield m No 1 oasomate was 12 ft wide, with a segmental head It 
was G it 7 in. high at the sides, and 8 ft 2 m in the oentie That in No. 2 
was 6 ft wide and 6 ft high. 

No. 1 shield, designed by the late Mi J Chalmers, was composed as follows 
— The face-plates, foui in nnmber, weie 4 in thick. These weie backed in one 
half of the shield by 8 in of non, made up of 1 m plates, standing vertically, 
with their edges to the front In the other half these hacking plates, or bars, 
also 8 in deep and on edge, weie foimed so as to be tongued and groovod, as 
shewn in the plates This hacking was suppoited in lear by an mtei mediate 
or second armoui, 2 m thick, resting against 6$ in of teak, m which were five 
angle-non stringeis Behind tins was a skin of 1 m plate The aimour was 
hold on by twenty thiee 3 in holts, nutted at the hack of the inner skin The 
intei mediate armoui was held on by a sepaiate set of 2 in. holts Altogether 
this compound mass was 21$ m thick 

Tho opening cut foi the port was 2 ft 4 in. wide and 3 ft high, and was 
slightly splayed on the inside The stiuotmc thus fat descnbed was Buppoitod 
in leai by two stiuts, similai to those m foimei shields, conneoted at thoir feet 
With a base plate of 1 in iron, 3 ft 6 m broad, running tho whole width of tho 
opening, and at then top with a massive built up girdei, 1 ft 6$ in. deep, 
occupying tho position of tho choid of tho segment-shaped head of the shield. 
The hose plate was sunk flush into the granite floor, and was held down by ten 
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2j in lewis bolts, let into the giamte Tho entile weight of this shield was 
about 28 tons 

No 2 shield consisted of a solid 13J in lolled non plate, 7 ft high, and of tho 
exact width of the opening it had to fill, namely 6 ft It was scoured at the top 
and bottom by being let in, to a depth of 6 m , between a head and sill, each ot 
which was composed of the ordinary double-headed railway bais. These railway 
bais were laid flat, two being in front of tho shield and five behind it, and weie 
held togethei by cramps, ten in mynbei, also composed of railway iron, turned at 
their ends so as to giasp the rails, and likewiso to take hold of the mnsomy Tho 
head and sill weie built into the woik as it advanced, and the shield was got 
into its place befoie the covenng aioh was turned Tho port was 2 ft dm 
wide and 3 ft 6 in high Tho comeis of the opening weie rounded, and tho 
mnei edges weie splayed The weight of tho shield itself, as finished, was 
8 tons Before the port was cut out it weighed 10 tons 4 cwt. It was, of 
couise, necessaiy to loll a much laigei plate in Older to obtain the sipiaie dimen- 
sions of this shield. The weight of railway lion in the fastenings was 4 tons 
2 ewt 

The rear of No 1 casemate was closed by timber framing, with doors and 
glass sashes hung in different ways, such as 1'ionch casements, oidmaiy sliding 
sashes, aud sashos on centie pivots, to tiy what effect the flung would have 
upon suoh constructions. The leai of No 2 was left quite open 
The usual 12 ft side-openings having been formed in tho walls of the case- 
mates to admit of greater tiaveise of the guns, those m the two outei side walls 
were closed by rough wood fiammg and boarding, to place tho mtenor of the 
work moie on a footing with that of a series of casemates in an actual woik 
In No 1 a 23 ton 13 3 in. gun was mounted on a wrought irou oarriage (2J 
tons), and a wrought uon tiaveismg platform (3£ tons), with hollow -soled 
tiuoks, on laised racers The fiont lacors weie let mto giamte , tho ieai into 
Biamley-fall blocks Thoiack foi the tiaveismg goat was secuied to 3-incli Yoik- 
shue flags There was a pivot m iiont, to which the platfonn was attaohod by 
means of a wi ought-iron flap of special constiuotion As this pivot could not 
he placed m the true centie of movement, it was let through the iron flooi-plato 
mto tho granite, just behind the shield Tho pivot bcingthus eccentuc, the flap 
woiked upon it by means of a curved slot The foim and dimensions of the 
casemate itself would have allowed this gun to travcise laterally thiough an aio 
of C2°, hut the port was so shaped that it could not actually travoise moie than 
36®. Also, the poit did not admit of the gun being laid with any elevation, but 
this was owing more to the level at which it was cut with leferenoe to the flora 
of the casemate, than to its foim. It could be depressed fiom 2° to 8° 

In No. 2 casemate, a 12 ton 9 22 in gun was mounted on a wrought-non (1 ton 
1 owt.) carriage and wiought-iron tiaveismg platfoim (2 ton 3 cwt ) on raised 
raoeis. This gun had no pivot It traversed through an aio of G8° 30', could 
he elevated 8°, and depressed 4i p 

The 23-ton gun was afterwards mounted over No. 2 casemate, on laised lacras 
m Bramley-fall stone, with a pivot as befoie 
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The 12 ton gun was mounted -without a pivot over No 1, the fiont laceis foi it 
being let into Bimnloy-fallstono, and tho lcai ones, of special constiuction, weir 
seemed to a 2j-in oak flooi, laid on oak joists 3j m by 3 in , on deal battens 
3 in by 1} in , beddod in concrete, theie weie also oak filling-pmces between 
the joists undei the iscois. 

The 23 ton gun was subsequently tiansfeircd to this lattoi position with a 
pivot added, the scivice laised laccis being secuicd to the oak flooi 
Befoie the woik was fanly completed, and Jiefoie the mounting of the guns, 
just desonbed, had taken place, it was deteiminedtomake a piolimmary expen- 
ment with a few shot from the 9 22-in. 12-ton gun against the centre piei of 
the woik. 

This was earned out on the 18th May, 1865, when three shots weie filed with 
the following lesults — 

The fiist round waB with a solid steel shot, with ahemispheiieal head, weigh- 
ing 220 lbs 8oz It was filed withaieduced chaige of 30} lbs, to give a 
remaining velocity equivalent to that due to a range of 1,000 yaids with battoi- 
mg chaige It struck tho 6th couise on the stone foiming the spnngei of the 
aich ovei No 1 shield, and just on the edge of the curved suitace foiming the 
rounding to the opening for tho shield Its stilting velocity was 1,320 ft poi 
second, and the woik in the Bhot was equal to 2,676 foot-tons It ponetiated 
tho granite to a depth oi 9m, and cracked the block a good deal The stones 
in the two oouises abovo it weie loosened, and the cement joints ovei the lost 
of the face of tho piei wero slightly opened The buck-woik inside the caso- 
nmto was also a littlo Bhaken The shot bioke up 
The nest round was also with a steel homispheiioal-headcd shot, weighing 
220 lbs , fiiod with a chaigo of 39 lbs , to lepiesont a lango of 600 yaids Its 
remaining velocity was 1,395 ft , lepiesentmg a foice of 2,969 foot-tons It 
stvuok fair on a Mull granite block in tho 4th comse, in an almost contial 
position on tho pier, and at a distance of 6 ft from the foiinei shot It pene- 
tiated the block to a depth of 18 in , and bioke off its face ovei an niea of 20 
superficial feet. A piece of tho adjoining Mull block was clacked oft, and 
displaced sideways, and a block m the comse above was clacked m two places 
A oiack in the huok-aiehmg oi the root of the casemate, obseived aftei the last 
shot, was lengthened about 2 ft Anothei ciack, low down in the buck-woik 
of the pier, was opened, and also anothei, running veitieally and obliquely 
thiougli 7 couises of buck-work tovvaids the gioin of tho arch The shot 
lchounded 5 yards, and was clacked m tho htad and set up 

Tho thud shot was of cast lion, with a conical head, weighing 217 lbs 12 oz , 
and was filed with the same chaige as the fiist, and had nearly tho same 
terminal velocity It hit full in tho ccntie of a block in tho 3id couise, about 
equally distant from both shields, and 2 ft fioni the centio of tho lost shot 
It was thus within tho limit of injury caused bj that shot Tho giamto was 
knocked out to a depth of 2 ft 1 m An adjoining block m the same cornso 
was cracked in two and moved 2 in out of place Anothei block was displaced 
3 in , and a thud 1} m. Tho obliquo veitical ciack in tho bnok-work of tho 
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pier, inside the casemate, was considerably incioascd, and tliobiick-woikthiough 
7 comses was duven back 11 in Thcio was a ficsb crack 111 tlio pioi through 
10 courses, and the ciack neai the giom of tho bnck-aiching was extended to 
the ci ow n Fine ciacks could also be peiceived along the ciowns of tho main 
aicbcs of both casemates, almost from fiont to ieai, and m the transYeiso 
arches from side to side of the stiuctuie 
By these thiee shots, giving an aggrogato of about 8,300 foot-tons, about 1 ton 
18 cwt, of gianite was knocked a^vaj , 6 blocks were senously injured, and two 
other blocks bioken in two The cement joints of the tiont woik, fiom eentie 
to centre of shield, showed ciaoks. The ciacks in the buck-arching, inside the 
casemate, were not of a very seuous natuie 
The next stage of the experiments was that which stood fust in the original 
progiamme, and comprised the operations of mounting, woikmg, and filing tho 
heavy guns 

To facilitate the mounting of the guns in the casemates, a sot of five 2-in. eye- 
bolts had been inserted in tho buok arohes ovei each gun, in the positions 
shown in the sections, but aftei the practice it was thought that thiee would be 
found sufficient foi nil purposes, namely, one about 5 feet fiom the innei face of 
the shield so as to be ovei the muzzle of tho gun when lun back , another (01 
in ease of the 22-ton gun a couple of them) to bo 12 ft fiom the shield, 
over the tiunmons, and the thud about 17 ft fiom it, to bo ovei the bieocli 
The eye-bolts used on this ocoasion, although made of 2-in. lound non, and 
tested aftoi being made by a dead pull of 20 tons, were baldly equal to tho 
oblique strain brought upon thorn m some parts of the operations with tho 
22-ton gun, in fact, one of them bioke, but their constiuction may be easily 
impioved, and all risk avoided for the future 

There was no seuous difficulty m mountuig even the 22-ton gun To bo suio, 
it fell onee in the process, but this was by an accident that need not oceui 
again The internal height of the casemate was, poiliaps, barely sufficient for 
the old fashioned tacklo used, but with impiovemcnts in the appliances, 12 ft 
Will be found ample height foi mounting tho heaviest gun 
The 12-ton gun was mounted with facility, and the spaoo allotted to it found 
sufficient for all purposes 

There were ceitam loose lings m the floors of tho casemates, as well as six 
eye-holts in the pieis, to admit of tacklo being used toi truvci sing m aid of tho 
gear attached to the platforms themselves 
Two blank and foui shotted lounds were filed fiom the 22-ton gnn in No 1 
casemate, and thoie was no mjuiy fiom the discharge to the woik itself noi 
Inconvenience felt by the gun detachment , even the glass in the sashes (set open 
of course) in. the ieai of this casemate was not bioken After the eooond 
shotted lound something went wiong with the compressor, and the gun recoiled 
violently to the end of the platfoim. The shock bioke the fiont flap connecting 
with tho pivot, and the platform jumped clean off tho lacers The damage thus 
done to the platfoim, tiucks, and flap took some timo to lepau. This flap was 
was Vciy much in. the way of tho gunneis saving the gun. 
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Four blank and ton shotted lounda wcio fired fiom tho 12-ton gun in No. 2 
oasemato, and everything stood well Thore was, of course, somo vibiation 
thioughout the woik, and the blast of these heavy discharges made itself felt at 
the adjacent poi t, bat it was simply a insh of air , theie was not, as fai as oould 
be observed, any flame with it 

As legaids appliances to aid tho woiking of these two heavy guns, it was the 
geneial opinion that nothing boyond the existing moans was necessary for the 
12 ton gun, but that improved facilities wei^ requited for moving and lifting 
the shot of the 22-ton gun. To illustrate one method of meeting this want, a 
light foundry crane was made on the spot, and set up m the front part of No 1 
casemate This oarned an oveihead traveller which, while it gave the means 
of taking up the shot in a convenient spot at about the back of the masoniy 
piei, allowed the delivery of it at the muzzle of the gun in whatever position it 
might be left after reooil One such crane on each side of the gun would muoh 
facilitate the operation of loading. Beady means may also be provided m such 
a casemate for moving shot and ammunition. 

It being thought that nothing tnoie would bo gamed by continuing the fire 
fiomthe casemates themselves, the guns were removed to the oveihead positions 
This was an interesting Artillery operation, and it was veiy skilfully performed, 
although through the failure of some of the taokle, tho 22-ton gun fell through 
several feet when being raised. 

Tho 22-ton gun fired altogether 30 rouuds with 70 lb charges and 518 lb. 
shot, at 5° depression, from the position ovei the bomb pioof aioh, and theie was 
no effect whatever observable upon the vaulting uuder it. The oracks, opened 
m the aiobes by the file of the 18th May, weie not increased in the slightest 
degree One lound was fired without tho flap oonueotmg with the pivot, and 
the want of it was not felt 

The 12-ton gun fired 35 lounds at 5° dopiossion, with shot of 221 lbs , and 
cliaiges of 44 lbs., fiom the position ovei the 1 ft 7 m aich, and ithad no per- 
ceptible effect upon the niches 

The 22 ton gun aftei wards took its place, and filed 10 rounds, and even this 
had no effect whatever upon the pienous cracks This was satisfactory, as tho 
1 ft 7 in aich was not, of couiso, intended to cairy so heavy a gun 

The two butts which leceived the shot in this practice wcie composed of stiff 
maish clay They weie first made 30 ft thiok (tneasuung aciosa the top), and 
10 ft high This bemg found insufficient for the 13-m shot, one butt was after- 
wards increased in thickness by 15 ft., and laised about 4 ft The penetrations, 
at 100 yaids range, woicas follows — The mean of 23 shot fiom tbe 13 3-m gun 
was 36J ft , and the greatest penetiation was 50 ft The mean of 43 shot fiom 
the 9 22-iu, gun was 32 ft , the greatest penetiation being 40 ft Tho shot weie 
found m all soits of positions, some even lying with then heads pointing in tho 
direotion fiom which they had come But, with legaid to these results, it 
must be mentioned that, as the tuals weie to test the casemato shuctuies, no 
great attention was paid to tho effect upon the eaithen butts, so that some of the 
higher pcnctiations may possibly have been due to the shot having followed m 
the track of previous lounds 
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The piactico against the stiucturo has next to he dcseubed The guns, pio- 
jcctilcs, and cliuiges, weio as tolLoWb — 



All the steel shot and the 7-in oast non shot had hemisphencal heads The 
heads of all the other shot weie elliptical 

The battery -was placed at 200 yards from the casemates, but the charges 
weie so reduced as^o give stilling velocities equivalent to 600 and 1,000 yards 
langes with full battering charges. 

The flung commenced 16th November, 1863 

First, each shield was struck by a solid steel shot from each gun (7-in at 
600 yaids, the rest at 1,000 yards), aimed in succession above, below, and on 
each side of the port. (Rounds 1,051 to 1,060) These shot, with the 
addition of an accidental glancing blow off the masomy on to the lower 
coiner of No. 1, and a grazing blow on the edge of the port of the other, 
gave an aggregate of about 9,600 foot-tons on No 1, and 9,300 foot-tons 
on No, 2 shield The geneial effect was that No 1 shield was slightly movod 
bade, and six through-bolts and some livets gave way , but, beyond one 
oi two ciacks and stais in the skm, there was but little to show in roai. 
The masonry pioi, winch was accidentally hit, was ciacked through to 
the leai. No 2 shield was ciacked through in one place, with cracks of less 
consequence m two othei spots. A part of the sill stone was knocked off, and 
the adjacent bnck-woik very slightly injured Two of the lail damps of tho 
lower fastenings bioke The piece of the shot that glanced and went thiough 
the port, struck a bnck piei mside the casemate, making a hole 2 ft by 2J ft 
and 1 ft deep. It also caused ciacks m tho pier aud aioh, but these effects weio 
not serious 

Aftei this, three 10-in and one 9 22-m steel shot (600 yards) struok No 1 
(rounds 1,061 to 1,064) with an aggregate force of 12,407 foot-tons, doing a 
great deal of damage, especially to the fastenings Amongst other things, the 
laige top guder in real was broken, and tho pivot was thiown out of position 

Next day, two 10 in and one 9 22-in steel shot struck No 2 shield (rounds 
1066 to 1007) with an aggiegate foice of 9,261 foot tons, one of which was on 
the uppei edge of the port Aftei this, a large piece of the left Bide of tho 
shield soemed nearly detached, and the craolcs m rear were muoh opened. One 
of the mils of the lower fastenings gave way, but there was still ample hold foi 
the shield. The gianite sill and aroh stones woie a good deal shaken, Tho 
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shield -was certainly now senonsly damaged, but still it was in its place, and, 
subsequently, it stood the blow of a heavy east-uon shot without giving way 

No, 2 shield had now sustained m all 8 blows, giving a total of upwards of 
18,500 foot-tons, to which something must be added on account of a blow aftor- 
waids deliveied by the 9 22 in gun with a cast non shot at 1,000 yaids 
Talang the aiea of the shield exposed, less the poit, at 28 superficial feet, it 
received a batteung equivalent to moio than 700 foot-tons pei superficial foot , 
and the suifaeo of the shield divided by the, numbei of shot, gives 1 shot to 
3| ft 

No 1 shield next leceived (round 1,068) a 10 in steel shell (600 yards), the 
head of which stuck m the plate, doing little damage, and a 9 22 in oast iron 
shot (1,000 yards) hit it by accident (lound 1,070) Latei in tho experiment, it 
also received two 9 22 m steol shot (600 yaids), making togothei 5,038 foot-tons, 
both of which did it a good doal of damage (Rounds 1,127 and 1,130 ) Aftoi 
all this, the shield was of couibo much ciacked and dilapidated, but still, with 
the exception of tho loss of about 3 squaio feet of the extenoi plate, and a 
pieoe out out of the sill of the port, it was substantially entue Tho mode of 
holding it in its place was sufficient foi the purpose, but not altogethei satisfac- 
tory. The early displacement of the pivot by injury conveyed through tho 
shield deseives particular notice The 12 blows whioh this shield had sustained 
flora 11 shot and 1 Bhell repiesent a total of upwaids of 31,000 foot-tons, and if 
some addition he mado on account of the 9 22 m east iron shot that hit it by 
mistake, this total may be fauly raised to 33,000 foot-tons Taking the aiea of 
tiie shield, less tho poit, at 83 ft supeificial, it leceived a battering equivalent 
to about 400 foot tons pel foot, oi 1 shot to every 6£ squaio foot 

Tho hie was next dueoted at tho aich ovei No 1 shield It commenced w'th 
a 10 in east non shot (1,000 yaids), which stiuck on tho joint of the key 
stone of the lower ring of tho arch (Round 1,071 ) It displaced 5 cubic feet 
of granite, injured severely 4 of tho aioh stones, and slightly liftod 2 of tho 
stones of the upper atch In lear, tho ltoy stone was found to be craokod 
thieugh, the buck aichmg was also cracked, and the joints of the stone and 
buck-work weie loosened. 


lho next was a 10-in steel shot (600 yaids) on the laigo stone framing the 
light spnugerof the arch (Round 1,072 ) The stone stiuck and the admeent 
one, forming a vousson of the aioh, weie much mjuied The gieatci part of 
the stone above it, and a laigo piece of a block above that, weie bi ought down 
1 he blocks in tho three courses below the blook struck weie cracked through 
and tho aiding in ieai was a good deal mjuied, 22 cubic feet of giamte were 
knocked out. Next came a salvo (lounds 1,073 to 1,076) fiom all the guns 
against this arch Thiee went off pietty well togethci The 8 m gun bun- 
fiie The 7-m, was at 600 yards, the others at 1,000 yai ds All the shot were 
of east-lion As neaily as could bo ascertained, they stiuck towoids the ueht 
side of aich The stones of half the upper nn- weie ouite f, 

p..ro, <K£’“ ~ '2S 

away. Some of the bnck-woik oyei the giamtefoll, and inside the casemate 
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foirnei lnjuues wero nieioased, but still the casemate was tenable A/'tei tins 
there was another salvo (rounds 1,077 to 1,080) ducoted at this aicli, and the 
destruction was voiy great, a hole being bioken thiougli the aich into the case- 
mate It was gcncially allowed on tho spot that a gun could not have boon 
fought any longei m tins casemato 

As this aich received only one shot more (lound 1,178), and that accidentally 
in the lattor pnit of the experiment, it may be woll hcio to sum up the blows 
it received. This accidental hit wjs hom a 9 22-in steel shot (600 yatds), and 
hit on what was left of one of the aich-stonos of the lowoi ling, knocking it 
completely out, and, therofoio, ontuoly destroying the aich Thoio had boon, 
then, on this aioli, altogether 11 blows (one Bteol 9 22-in shot is counted as a 
miss), two of Iho heaviest hits being with stool shot Thoso amounted alto- 
gethei to 26,427 foot-tons , aud, taking the supcifleml aiea batteied as 120 feet, 
(17 ft by 7 ft ), theio was one shot to about oveiy 11 feet, oi 220 foot-tons pei 
squaie foot This ended the second day’s battel ing 

The next day, 21st November 1865, in oidei to tiy tho effect of splintois 
fiom the granite outside No 2 shield, a few (five) 40 pdr segment shells 
(rounds 1081 to 1085) woie dnectcd at this pait, and gicat, offoet was pioducod 
on tho wooden taigets set up inside the oasemato Not wcio the splintois con- 
fined to this easomato only, foi a gicat nuniboi found thou way into tho adjoin- 
ing chamber and did execution thoio also 

Aftoi this, a stoady file was kept up, foi tho lest of the day, fiom tlneo guns 
dnectcd as follows — The 7-in. gun (600 yaids) at tho light pioi of the light, 
or No. 1, casemate j the 8-in. gun (600 yards) at tho loft piei of loft, oi No 2, 
casemate , and the 9-m gun (1,000 yaids) against the arch ovci No 2 shield. 
All the shot were of common east non 

Fust, os logards the light piei This pait of tho woik had been pieviously 
somewhat weakened by the 10-m steel shot (lound 1,054) which accidentally 
grazed it low down on the flist day It was now struck by ten 7 m shot 
(lounds 1,086, 1,083, 1,091, 1,094, 1,097, 1,100, 1,103, 1,106, 1,100, 1,112), and 
ono 8 in shell (round 1,116), giving nn aggiegato of upwaids of 18,000 foot- 
tons The whole of this took place on an area of about 35 squaie feet, thus 
giving one shot to 3 squaie feet, and about 614 foot-tons per foot of suifaco 
The effect was to demolish the gianite face, and to leave but little of the intei - 
nal structure of thepiei After the 8th round, the masomy in paits was cut 
hack to a depth of 6 ft 6 in from the original faco , and aftoi the loth lound, 
this was in ci eased to 7 ft 

Next os to the left pioi The 8 m gnu was duected on this, and shuck it 
ten times (louuds 1,087, 1,089, 1,092, 1,095, 1,098, 1,101, 1,104, 1,107, 1,110, 
1,113), all as fiom 600 yards This gave an aggiegate of 19,490 foot-tons on an 
aiea of about 35 ft , oi one shot to every squaie feet, and about 657 foot-tons 
to oveiy foot of suifaoe. The fouith of theso shot lnjuicd veiy seveiely the 
granito block m the fouith couisc, in fact, daylight showed thiough , and the 
5th round bioke completely through into the casemate, making a hole upwaids 
of 6 ft m aiea. Tho subsequent shot cnlaiged this hole, dislodged mote 
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giamte, clacked tho buck woik m ieai, and earned awa-f moie of the fucc- 
woik, bunging down laige masses of the supci incumbent woilt. 

Then, as to the flat aieh ovei No 2 shield This leccived ton blows (1,000 
3’ aids) from, tho 9 22-in gun (louuds 1,090, 1,093, 1,096, 1,099, 1,102, 1,106, 
1,108, 1,111, 1,114, 1,117), giving an aggicgate of about 26,660 toot-tons, on 
an niea of 60 ft , oi one Bbot to evciy 3 ft , and 033 foot-torn, to every foot of 
suifaco When each of tho thico stones foinnng tho aieh had leoeivcd one 
blow it was vuy much cnpplod, and foui shpl moic cut the ccntie of it back 
to au niegului depth ol about 5 ft At this time, also, the luicL aching in 
ieai began to give wav One shot (the 3id) hitting tho keystono, biokc itself 
into tn o pieces, one ot irhu.li glanced on to the shield, and the othoi went into 
the casemate, caiiymg away a lailwaj bai ot the lowei fastening of the shield, 
and bi calung the fiont neei It piodnced, of comse, a gieat many splinters 
inside tho woik Anothci (tile 6tli) smashed the lowei pait of the kej -stone, 
and cut awaj the two uppei mil fastenings m the liont of tho shield The 
lastthiee shot biouglit down laige masses of the uppei work, exposing tho 
conciete filling of the bonib-pioof, lint did not show any gieat effect inside the 
work Tho shield alone pieieuted the lemamdei of the giamte aieh fiom fall- 
ing This ended the thud day’s hattaing 
The 10-m. gun (600 yaids) was now (22nd Novembei, 1865) dnected against 
the centiepiei, and continued steadily at it for tho greatu part of the day 
The effect of the three 9 22-m shot filed at this pier on the 18th May has 
alieady been xecoided 

It was now, on this occasion, stiuck fiist bj nine smglo shots (rounds 1,118 
to 1,126) the lesultof which may be given ns follows — The fiist shot, of course, 
shook out all tho rubble woik with which tbeinjunes of the 18th May had been 
temporarily filled up It also injuied seveial laige blocks seveiely, and exposed 
to view the end of a ciamp foinnng pait of tho upper fastenings of No 2 
shrcld The masonry rn rear was driven back 2 4 ms , and a slight crack was 
foimcd rn the bnck-woik 

The next shot was also a destiuctivo one, both in bunging down the granite 
face, and in gcneial mjuiy to the piei A granite backing block was broken 
in two by a blow coniejed thiongh a massive face stone 
The next shot struck lathei high, and injured tho upper ginmt© woik veiy 
much. Some laige ovethangmg masses of giamte and bnck-work fell down 
fiom above. The piei showed an mciease of eiacks on the inside 
The thiee following shot continued the lnjuues, and threw down so much 
niotenal in front that it became necessary to clear some away Some flesh 
cracks and mjunes appealed in the mtenoi, especially about tho eentie piei, 
hut, otherwise, the effect inside was less than might have been expected 

The lemoming three shot of tho nine could not be aimed lowei than the 
foul th course on necount of the cleh is in fiont, and, theiefoie, had most effect 
on the upper pait of tho piei The ginnito face, about the eentie of the pier on 
tho fourth couisp, was now cut out to an inegulai depth of about 5 ft , and tho 
buck backing of the piei was duven back some inches. 
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The nc\t shot (lound 1,127) was on No 1 shield, and this, togethci with 
the tlnee following (louuds 1,128 to 1,130) has alieady been disposed of, m 
tho mention eitliei of the shield itself oi of the nicli over it 
l Aftci ono moic 10-in shot (round 1,131) on the pier, which brought down 
laigo pieces of giamte and bnck-woik, alieady loosened, a steel shell (lound 
1,132) fiom the 9 22-in gun, with a buistmg chaige of 11 lbs stiuclc on the 
fouith couise, and blew a liolo about 2 ft. 6 m high, and 1 ft 6 in wide, quite 
tlnough the pier into the casemate It knocked m somo of the buck-work of 
the piei, and bi ought down a good deal of tho aichcs spunging from it, but 
there was enough still left m tho heait of the piei to sustain the vaulting m 
tail condition 

Aftei this cauie a salvo of cast-non shot (lounds 1,133 to 1,136) flora oil 
foui guns, duccted at the uppei pait of this pier One shot, it was thought, 
passed tlnough a foimer opening without doing fuithei injury The rest 
caused a gi eat fall of matenal m fiont, amongst which was the bed-stono of the 
pivot that had been used foi tho 22-ton gun ovoi No 2 In iear, somo moia 
buck-work was knocked out of the piei, and moie of the niching tell, quito 
blocking up the fiont pait of the caseinate 

Then, came the final salvo (lounds 1,137 to 1,140) which, on account of tho 
tleh is m liont, could only tako effect high up This brought down gioat 
masses of bnck-woik, conciete, and granite The buck aiohing m tho foie 
pait of the light casemate was cut back to a depth of 12 ft 01 15 ft fiorn tho 
onginal fiont The material fell m quantities, driving the gun, which had 
been mounted theie, quite to the back of the casemate There was also an 
opening foiced though fiom the fiont into the left casemate, rather high up, 
bringing down more of tho piei and buck niching 

This centre pier had thus leceived on this occasion eighteen cast-noil shot 
(lockomng one to have missed), of which twelve weie fiom tho 10 m gun, ono 
fiom the 9 22-in , two from the 8-in , and two fiom the 7-in , as well as a 
9 22 m. steel shell , all as liom 600 ynids. These gave togethei about 50,582 
loot-tons Adding to this the blows leceived on tho 18tli May, as already 
doscubed, the piei had stood, altogether, about 59,000 foot-tons Taking thB 
suiface of this piei at 180 superficial feet, it received in 22 blows an equivalent 
to about 330 loot-tons pei squaie foot, and theio was ono shot to about 8 supci- 
floial feet. 

Summing up the whole practico, then, it appeals that 86 projectiles, having 
an agiegate ins viva of upwards ol 200,000 foot-tons, actually struck the woik. 
These, distributed over the entiio suiface of iron and giamte, would give one 
projectile to 8£ squaie feet of fiont, oi 270 foot-tons pei supeificial foot 
Taking the iron only, against which weie used steel piojectiles, there weie 22 
blows, giving an aggregate of 52,000 foot-tons on 111 supeificial feet, which 
is equivalent to 468 toot tons pel squaio foot, oi one piojectile to 5 feet of 
surface On No 1 shield, theie weie 13 blows, giving altogethei about 400 
foot-tons pei foot, oi one piojoctile to 6 squaie feet On No 2 shield, 9 pio- 
•jcctiles gave about 700 loot-tons pei toot, oi one piojectile to 3 squaie tee t 



caslmatl 


SH1ILD EXPERIMENTS. 


Taking the giamto sutfaeo nlonc, against which cast -11011 piojeotilcs woio used, 
hi piojectilea gave about 240 foot-tons pei foot, 01 one piojectile to 9', foot 
Tho right pier leceived 11 blows, giving 514 foot-tons pei foot, oi one piojec- 
tile to 3 ieet Tho ccntio pioi, 22 blows, giving 333 foot-tons per foot, oi one 
piojectile to 3J feet The left pier, 10 blows, giving 557 foot-tons pei foot, oi 
ona projectile to 31 feet Tho light aieh leceived 11 blows, giving 220 foot- 
tons per foot, oi ono piojectiloto 11 feet, and the left arch, 10 blows, giving 
533 foot-tons pel foot, oi ono piojectile to 6 fcet ot suifaeo 

It is almost needless to say that With this amount of hatteiing the woik was 
fauly hioachcd , m fact, the granite front was completely destioyed 
The following ext i acts fiom the lepoit of tho committee that conducted tho 
experiments, will sufficiently indicate tho conclusions they drew from the tnals 
With regai d to tho shields, they said “Both the lion shields have lesistod 
“ well, and tho fastenings of both may be said to be still offoetivo, inasmuch as 
“ they have held them in then places to the last , those ot the east shield aie, 
“ indeed, Inu dly impaiied Those of the west shield have been weakened by 
“ the breaking off of thioo out ot ten non ciamps, but tho lcmaindei continue 
11 to hold tho plate, both shields continuo to affoid a fau amount of protection 
“ to tho gun behind them, noi can anything bo said to have got through them, 
“although they aie oraoked through, bent, and staitcd, fiom the effects of tho 
“ fire ” 

As to tho effect on tho giamte, they spoke ot tho demolition being such “ as 
“would have caused the abandonment of the two casemates befoie tho flung 
“ceased, in fact, they woio beginning to bo untonahlo aftei the 33id hit on the 
“ giamto, and quite so after the 54th lut With them, the casemates m the 
“ (aei above, and, piobably, also any baibette guns m the samo veitical section 
“must have been also abandoned,” and “it was also obseivod that tho dust, 
“ grit, and fine sphnteis of gramto sent into the work weie sufficient to amount 
“ to annoyance, if not to an actual obsti nation of tho woikmg of the guns ” 
The committee also lemarked as follows — “This exponmenthas pioved that 
“whilst the attack of a piopcily eonstiuctcd non-hmlt batteiy would he hope- 
less, except with steel oi haidened shot, at a iange not much exceeding GOO 
“yaids, the destuietion of a granite foit may readily bo effected with oast lion 
“ shot at 1,OUO yards It is pioper to add, that, considered as a giamto foit 
“ with non shields, the one now lopoited upon appeals not to have been ns 
“ strong as such a stiuctuie might be made with those improvements which tho 
“ result of the piesent costly expenment will doubtless suggest to the Dopart- 
“ment of Woiks, rf any moio such works aio to be designed But tho eom- 
“ mitteo have, foi the foiegouig leasons, no hesitation m lecoiding thou opinion, 
“ that giamte should, if possible, not be used m exposed parts of tho stiuotuie 
“of forts liable to be legnlaily engaged by heavily aimed iion-olads That 
“ when unavoidably used, it should not be combined in the pieis with buck 
“ woik or any other mfeiior mateiial in the mannoi m which it was comhmed 
“m this stmoture, and that it would be far piefoiablo to piovido foils in suoh 
“ situation with external defences entuely of iron.” 
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On tlio othei band, the Deputy Dnector of WorkB, in a Memoiandum, dated 
Ootobor, 186G, oil tbe results ot these cxpciiments, aftei companng the latest 
constiuction of English casemates with like woiks m Amonca and othei 
countnes, and hhewing that the giamte woiks with Iron shields constructed in 
England, are far supenoi in stiength to the casemated forts of any other nation, 
Bpeaks of the effect produced on these expenmentnl woiks as being not so great 
as was anticipated Ho says — “The granite outside was, of couise, much 
“ smashed” but “ in tho intenor o? the casemates theie was, for a long time, no 
“effect produced whioh would have pioientod the guns being worked The 
“lesult, ludoed, shewed a much gieater stability undei a close and delibeiate 
“ fire of modem oidnance than had been expected " 

The Deputy Dncetoi of Works also points out that, while tho expeuments 
had suggested a few improvements m the dotail of constiuction, they showed 
the stiuctmal paits of the woik to possoss some good qualities m an unexpected 
degree, and pioved fuither that the casemates wore admirably adapted for the 
woiking of hea\ y guns 

In speaking of the opinion, held by some, that these expeuments shewed that 
granite should not be UBcd m those paits of a casemated work which would be 
exposed to fire, he submits “ that this view is fallacious,” and says that a just 
conclusion cannot be foimcd on this mattei without ascei taming what poilion of 
the flie which destioyed the fionts of the two expenmental casemates would 
havo taken effect upon a couespondmg part of a foit in a naval attack 

Ho points out that the conditions under which these experimental casemates 
were tiled, were very diffeient hom those that would exist m a naval attack 
upon a fqrt The measuie ot accmacy of file was 200 yaids, notwithstanding 
that the nominal langes weie 600 oi 1,000 yaids The flie was fiom a land 
battei y, leisurely conducted, every shot, and sometimes foui togethei, being 
aimed with the most peifect accuracy, and without the disturbing influences of 
a letuin file There was a'so the absence of smoko, which duung action inter- 
feres with the precision of a ship’s flie , and considenng the liability of the ship 
being disposed of by a few, perhaps, one or two, well directed shots fiom the 
numeious gnns mounted in tho foit itself, and othei woiks in support, he urges 
that it is impiobable that vessels oould lemain m action long enough to do any 
effectual damage to a woik Buch as that lepiesented by these expemnental 
casemates. 

He furthei analyzes the effects of the combined attaolc, by the French and 
English fleets, on Sebastopol, when the lesult of 1,244 guns, flung 30,000 to 
50,000 rounds, was only the dismounting of 28 guns, and the disabling of 11 
carnages (all in open battenes), and uhen Foit Constantine, a casemated 
battery of masomy of a lathei wfenoi chaiactei, waB exposed to the most 
seveie fire, hut in no cose penetrated, and not a gun m the casemates was dis- 
mounted. Ho takes also the ease of Foit Sumtei, which was built entnely of 
bnokwoik, only 5 feet thick about tho embrasuies, nnd at no pait moio than 
11 feet thick, and in an engagement of 2J liouis, with oight “Momtois” and 
one uon-plated ship, canymg 16-rn and 11 m oidnance, it appealed that out 
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of about 83 shots, at an aveiage range of 1,200 yaids, only 58 stiuck the foit at 
all, there being only one Distance of tlnee shots sinking neai togethei. 

Applying this experience to the experiments now in question, he concludes that 
the proportionate aiea of the pait of the experimental casemates filed at, being 
about T^th of that of the portion of Foit Sumter fired at, and the proportion of 
shot which hit that fort, being, at most, thiee-fourths of the numhei filed at it, 
the numbei of Bliot that would piobably have hit two casemates such as those 
turd at Shoebuiyness, dining a naval attack smnlai to that upon Sumter, 
against a fort ot 24 casemates, would have been § of f J = 5 5 shots newly, 
instead of 87 , that is to say it would require 16 times the accuracy and concen- 
tration of fire that was attained by the lion-clad fleet against Foit Sumtu, to 
pioduce the result which occuued in the expei linen ts at Shoebuiyness 

He adds “ it must bo lemembeied, moreovei, that the ossailmg fleet -would 
“not only be opposed by the firo fiom the caacmatcd woiks, but that poweiful 
“open batteries, and guns in tuiicts, sub-maiine mines, floating obstiuctions, 
“ and moveable floating hatteucs would also he employed in aid of the defence " 

While not disputing that woiks wholly plated with lion of sufficient thick- 
ness, will afford supeiioi poweis of lesistauoe to gianite works piovided with 
iron shields at the embiasuics, the Deputy Duectoi of Woiks maintains that, 
m many, if not in most cases, the lattci constiuction is stiong enough for its 
puipose He concludos by saying that " the woiks constiuoted in England on 
11 this pimciplo (gianite casemates stiengthened by means of shields at the 
“embiasuics) aie fai suponot m strength to the casemated forts of any otliei 
“ nation, and except in oases whcie a woik is entuely isolated, and from its 
“position specially liable to a concentrated file, or wheic the natuie of the 
“foundations may lendei an lion stiuetuie advisable, theie are no sufficient 
“lcosons foi incuiiing gieat additional expense by the general adoption of 
“ wholly non plated woiks " 

Reviewing these expenments at the piesent timo (1869-70) by the light of 
the expcncnce acqnued since they took place, and taking into account the pio- 
gi ess of events m the mtei val, it must bo admitted that these geneial conclu- 
sions have been, in a gieat measure, justified. 

Tho introduction ot pointed piojeotiles has laigely added to the de- 
structive effect of tho file of heavy guns. Also tho aiming of ships of wai 
with guns of 18, 26 and 30 tons, in tuireta, which m 1865-G was regarded as a 
probability only, is now actually talcing place, and we cannot be blind to the 
piospect of still heaviti oidnance being effectively vvoiked in floating structmes 

Yet foi all this, well armed masonry foits, stiengthened with non shields at 
tire emlnasuies, will, with the improvements suggested by these tnals, be gene- 
lally sufficient foi the puiposes ol lnnci-liaibom defence for a gieat length of 
time, while tho uon-fionted foits, whioh, mainly ns the hurt of these veiy ex- 
periments, hav e been wisely adopted foi the moio piommout and impoitant 
positions of outer defence of oui pimcipal naval aisenals and dockyanls, will, 
lor coutuucs, stand seonro agamst an y attack 
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TT OPrN BATTfUT SHIFT!), IiNOWN AS Tnr “ GIPRVLTUl Slim D ” PL IT], 
The tual of tins shield formed the subject of an investigation, the pioceodings 
ol which weie published in a Blue Boole, entitled, “ Itopoit of a Special 
Committee on the Gibialtai Shields,” with a scpaiato appendix Tins 
lcpoit was aftei wauls discussed in a papei by the Deputy Dncctoi of Woiks, 
styled “ Obseivations by Colonel Jeuois, CB, RE, on the lepoit ol the 
Special Committee, &c ,” which was also published Tho piesent notico will, 
theiefoie, be stuctly confined to a technical dcscnption of the shield itself, and 
to an account of the piactico doling its tiinl 

Its consti notion, shown in Plato III, may be descubod as follow s — 

The fiont aimoui consisted of two Oj in plates, 1 mining lioiizontally, each 
12 ft long and 4 ft 1 in wide, making togctlici the lace of the shield 12 ft bj 
8 ft 2 in Out of these was cut a poit 1 ft by 2 ft 5m, with tho comeis 
rounded to a i adius of S in 

Next to this came a 5 m thickness of nimoiu, consisting of tlnee plates, 
standing veitically The centie of these, called the “ Poit pinto,” was 5 ft 6 in 
wide, and had apoit cut m it, 4 ft 1 in hy 2 ft 9 in , with tho eoineis i ounded 
as befoie Tho other two plates weie 3 ft 3 m wide, and all weie 8 ft 2 in in 
length oi height 

Behind this came a 1 J in skin, composed of foui plates , one on tithei side of 
the port, 4 ft 5 ± m wide and 8 ft 2 in high, one above the poit 3 ft 1 m by 

I ft 6} in , and one below the poit, 3 ft 1 m by 2 ft 7 in The poit m this 
thickness was 4 ft OJ m by 3 ft lin 

In lear of this skm, and uveted to it weie seven lolled noil H girdeis, 
lunnmg houzontally, they were 12 m hy Cm hy 1 in , and weighed 70 lb 
per foot run Thiee ot them weie in close older above tho poit The othei 
four were below the poit and weie in pans 
Twenty-nine 3 in holts with conical heads and shanks, lcduced on Majoi 
Palliser’s pimciplo, seemed tho fiont aimoui plates, fifteen of these passed 
through to tho leal of the M gudeis, the lemnindci to tho back of tho 
skin Thoio weio besides nineteen 2 in bolts, with conical heads to socui o tho 
second thickness of aimour, and tlieso weie nutted at tho hack of tho skm 
India rubbei washois \ in thick weio fitted under all the nuts 
The shield was suppoited by stiuts made of 1 in plate, and anglo lions 8 in. 
by 6 m by 1 m , and 6 m by 5 in by 1 in. Tho struts weio fuithci stiffened 
by 1-m ships, and they had 8 m hy 6 m angle lions set on then innei face, to 
take the ends of the H gliders, aheady described All the uvets of the stiuts 
weie 1 in. diametei, laid out at a 6-m pitch 
The stiuts were held down to tiansverso sill-pieces, 8 ft 9 in long, and 

II in by 5 m. m sect’on, by means of l£-m screw bolts, there were 12 of these 
bolts to each stiut. The sill-pieces were notched out at the fiont ends, so that 
the fiont aimour lested against a sliouldei, 3 in deep The ieai ends of these 
sills weio notched and bolted to a flooi beam, 18 ft 6 m long, innning pniallel 
to the fiont of the shield, and forming horns, as it weie, which, in an actual 
woilc, would ho built into tho masonry to secure the shield fiom movement 



192 


CASEMATL AND STIirLD EXPERIMENTS 


A mantlet made of 3 m rope, m 2 thicknesses, was hung at the back of the 

With legaid to the qualitj of non used m these shields, it may be stated that 
all the sample pieces of aimoui -plates pioved at Shoeburyucss received the 
highest figuie of menl, A-l 

Specimens of the aimour-plates, taken in the direction of then length, and 
pioved in test machines, bioke with an avciage tcnsilo stiam of 18 9 tons 
pei squaie inch of ongmal sectiou then elasticity being ovcicomo by 10 3 tons, 
and the ultimate elongation poi unit of l*ngth being '165 Another aveingo 
gave an ultimate stiain of 19 8 tons, 9 2 tons as the yielding stiam, and 
23 as the ultimate elongation pei unit of length, in specimens taken longi- 
tudinally in the aimoui plates, while in specimens taken tiansverselj , the 
aveiages wero 15>25 tons ultimate stiam, and 9 35 tons yielding sham 
Specimens taken through the thickness of tho aimour gave an avciage 
ultimate tensile stiam of 7 7 tons, the yielding point being at about 6 tons 
Specimens of the same aimoui plates tested by compiession gave an average 
peimanent compiession of *288 in with a weight of 50 tons pel squoic inch, 
the specimens being 533 in in diametei , and l m in length 

Specimens of the lj-in skin, taken longitudinally m tho plates, gave, undei 
tensile stituns, tho following aveiages, namely bieakmg strain, 20 8 tons, 
yielding point, J 1 3 tons , final elongation pei unit of length, 18 Transvei so 
specimens of tho skm gave a bieakmg stiam of 14 75 tons, and a yieldmg 
stiain of 10 5 tons 

The non foi tho 3-m bolt9, which was puncipally of Staffoidshuo ciown 
non, broke, on tho aveiage, with a tensile stiam of 23 5 tons, tho yielding point 
being at 11 5 tons, and the final elongation poi unit of length, 278 Anothor 
specimen bioke with 22 3 tons pei inch of original section, with a l eduction of 
sectional area at the point of fiacture of 37 8 per cent , and elongation, 294 pei 
unit of length The nvot iron bioke with 25 tons, yielded with 14 tons, and 
elongated 3 per unit of length 

The weight of the shield was as follows — 


Tims owts qis IDs 

6|-m fiont plates .. 8 8 0 14 

6-m. intei mediate plates 7 10 3 14 

lj-i“ skin 2 3 3 4 

M Girdors . .... 2 8 2 17 

Shuts . .... 2 0 1 24 

Sill and flooi beans .... . 2 9 3 22 

Bolts, nuts, washeis, &c . . 1 10 1 22 


'■Total 20 12 1 5 


Tho shield was set up foi tiial in a temporary manner only, by weighting 
the flooi beams with some cast-uon blocks, and driving piles in roar to prevent 
its driving baokwards. 
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The guns employed m the tual weie as follows, and they weie placed in 
battei y at 70 yaids fioni the shield — 

The 9-in rifled muzzle-loading gun of 12 tons, with a clmige of 37 lbs, to 
repiesenta full battenng ohaige at 400 yards lango , and also full hattenng 
chai go of 43 lbs 

Tho 10-m rifled muzzle-loading gun of 18 tons, with a cliaige of 54 lbs , to 
lepiosent full battenng chaigo at 400 yaida 

The 16 -inch Rodman smooth-boie gun, of 19^ ton’, With a chaige of 501b 
of English powdei, which is equivalent to 60 lbs oi Ameucau powdei 

A piehminaiy tnal took place on the 25th Octobei, 1867, when two lounds 
(Nos 1469-1470), weie filed fiom tho 9 inch gun with S71bs chaigos An 
acoount of these rounds will be found in Table I 
In consequence of the failuie of so many bolts on tins occasion, it was thought 
desuable to institute a test that would repiesent, in some ineasmo, the sudden 
action to which bolts are subjected undci the impact of heavy shot, instead of 
lelying as heretofore on the test of a gradually inci easing stiaui as applied m 
oidmaiy test machines For this puipose, the action of a falling weight 
was piofened, and tiials weie sot on foot to test by this means armour bolts, 
made ot diffeient qualities of non and steel, with heads foimed in different 
ways These expel imeiits weie conducted in tho mannoi desmbed by Lieut 
English, R E , in papci X of this volume 

It may bo mentioned that the lesults obtained by this test have been found 
to be so leliablo a giudo in judgingas to the fitness of non foi airaour bolts, and 
the apparatus itself has been so successful, that it is now employed to a gieat 
extent in testing the armom bolt non foi all contiaots 

Speaking generally, it mny be saul that the 3 in bolls of Staffoidslmo iron 
tned in this way bi oke neai the head with a eiystalline fiactuio at tho first 
blow of the monkey, without any elongation , while the best of the bolts ot 
othei iron of special make, bioko fibious m tho shank at tho thud blow of 
the monkey, mid elongated 45 per cent Some Bessemci and ciuciblo steel 
bolts stood thiee blows, and one of them elongated fanly, but the lesults weio 
uneeitam 

The effect of these tiials, theiefore, was to show that the Staffoidshno lion, 
which had given satisfactoiy resnlts in the test machine, would not develop a 
fair amount of woik undei impact, and foi tho fuitlici tiinl of tho shield new 
bolts weie made of a soft fibrous iron manulaotnrod at tho Cyclops IVoiks, also, 
to adopt moie fully Majoi Pollisei’s punciple, the heads of the new bolts wore 
made by “ diawmg down” the entile bolt from a bar of the laigei diameter of 
the head, instead of foiming it by “upsetting” the end of a bai of the full 
diameter of the thread It must bo mentioned, hoivevei, that the expenments 
just described did not, by any means, piove the disadvantage of the “ upsetting ” 
A specimen of an upset head, which was cut m sections and subjected to 
a chemical process to bring out the textuie of the iron, showed the fibre to 
retain its longitudinal dncction in perfect ordei, except, pci Imps, at the very 
top of the head, tJyis dispioving the aigumont that the fibie in an upset head, 

b b 
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if not altogetkei destioyed, must, at any late, to doiangcd tluoughont Also, 
in the new bolts the reduction of tlio shank to the lesset diamctoi of the tin earl 
was continued thioughoi.it its entue length, instead of confining it to a small 
poi tion, as at first thought sufficient 

In addition to the above alteiation of tho holts, it was found desnahle to 
enlaige the 3-m holt holes in tho 5 in airaour and lj-in skin plates of the 
shield to 4 m diametei, and to lound tho mnci edges of the holes m the front 
aimour The space thus left aiound tho holts ms filled with ash- wood tubes 
The enlaigement of the holes was intended to obviate, as fiu as possible, the 
injurious effect that is pioduced wlion an nrmoui holt at the instant of its being 
put under sudden tension is subjected also to a cioss stiain or “nip” The 
edges weie rounded to leduoe the shewing action between the seveial lajois of 
plate Emery also was put lound the conical heads of all the 3-m holts to 
pi event then drawing through tlio armour, this having been found veiy effec- 
tive m the experiments with falling weights 
"With the above exceptions, and the substitution of washers of a patent 
mateua *> and 1 ' in> elm f ° l the mdia-iubbor washers before used, the 
shield, at the time of the second tiial, was in the same state as at the conclusion 
of the preliminary expenment 

The tuithei trmlB took place on the 19th December, 1867, and the 16th and 
22nd J anuary, 1868, a special committee, composed mainly of the Members of the 
Committee on lion Plates, which had been disbanded in 1864, taking the place of 
the Oidnance Select Committee, which conducted the pielimmaiy expenment 
A rep oi t of these tuals will he found m Tables I and II, and Plate III will 
fuithei assist in identifying tho shot maiks. 
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III —Iron Fronted Casemate rdpreslntino a poiuion of Plimouiii 
Break water Fort Plitl IV and V 

Tlio following dcscuption of this cxpcumcntal stinctuio is taken pimupully 
fiom n pupei punted by oidci of tho Dnectoi of Woiks, foi tho infoimation ot 
the committee to which tho conduct of tho oxpeiiments was entrusted 

The design of the actual Bienkwater Foit was followed as close lj as cncuui- 
stances would peimit, tho chief point of diffeicnce being this, namely that, to 
avoid useless expense, jthe experimental woik wab made with a sti night face, 
while tho outline of the foit itself is jui oval, made up of cuncs dcsciibed with 
ladu of 00 and 00 feet 

In so small a poi tion of the cuu e, the effect of tho oi al foi m would liai o occn 
lost, whilo thcio would have been inoic difficulty in placing tho blunt cxpcn- 
meutal fiont on an equal footing with a smnlai poitiou of tho continuous taco 
of tho foit itself It is ccitain, also, that tho difference, as legaids lesistance, 
would have been mappiociahlo 

Oppoitumty was taken of tlio occasion tointioiluoosorao unpiovoments m tho 
conbtiuotivo details which had suggested themselves duung the piogicss of tho 
W'oik on tho foit, and in othei instances, minoi iltciations wuc neccssaij to 
make up foi the want of continuity in the cvpeilBjintnl sliuctuic Also, as the 
pnnciple of constiuction adopted ill the foit is faiouinhlc to tho futuic addition 
of aimoui m layers, a poition equal to neaih one-thud ot the c\peumuitnl 
front was ooveicd with an e\fra annour-plate 

Plate IV illustrates tho construction 

Pioceedmg with the dcscuption of tho stiuctmc, it may bo said to hare been 
composed of two main paita — 

1 The fiont w all , 

2 The stiuctuia ennymg tho loot 

Ono object of the constiuction was to inako these two paits so fui mik pen 
dent of each othei, that until tho fiont wall could be actually hi cached, tho 
btiuctuio can yin g tho loof wou’d bo little affected by hon/outal tuo. 

Fust, with legaid to the fiont wall 

This occupied a fiontnge of 21 ft 9m, tho intei val allowed between tho guns 
m Plymouth Bioakwatei Foit It had a batter ot 1 in 11 to a height of 11 it, 
and from that it fell back m a euive to tho outlmo of tlio loot It contained a 
port suitable foi eithei an IS ton, oi 12 ton gun, mounted on a 1 nu 7 .de piloting 
caiiiago In oitbci case tbo gun could tiain latemlly tlnough an uic ol TO 1 , 
1 bo 18-ton gun could have 10° elevation and 5° depiction I lie 12-ton could 
have 15° elevation and 7° depiession 

The wall was made up ot tlneo thicknesses, except, at that poitiou whcic 
tlieie was tbo extia layei of S indie? In the flint oi fiont thickness the low a 
aimonr plate mensuied 21 ft 9m by i ft 9 jin , the next was the same length 
and 1ft 14 in wido Above this thmo wcio fom plates, nil 6 ft Cm long mid 
5ft Ilyin, 6ft 6in,5ft 3m,aud5ft 4 in wide, lespectivily, standing ver- 
tically with then uppci part cuivod back to foim the slope of tlio loof. 
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The second thickness was composed of n veitical plate 1 1 It long and o ft ! in 
wide, in which the poit, 3 ft 0) in by 3 ft 0} in , Mas cut, mid on the light 
side of this theie weio seven veitical nrmoui planks 101 in b^ 5 in in section, 
and on the left side Hie of the same , all the same length as tho poit plate 
The mnci oi thud thickness was composed of pieces mumng liou/ontally, as 
follows — Commencing at tho floai lovol thoio n ns an aiinoiu plank 12 in by 
Cm in section, 21ft 9 in long Next above this, an mmoui plato of tho same 
length, 4 ft 2m wide, out of which the lowei pait of tho poit. Mas cut Oil 
the light of the poit theie was one 16 1 in, by 5 in plank, 10 ft Tin long, and 
anothei on tho left 8 ft long Abovo tlieso came tlncc planks, each the length 
of the entire front, out of the lower of M'liich the top part of the poit was cut 
The extra thickness on the fiont consisted ot a 5 m veitical plate, 16 ft 11 m. 
long, with the nppei part cuived back to the slopo of the loof The width of 
the louei pait of this plate was 6 ft 3 in , and of the uppci pait only 6 ft , 
this induction m width was xendeied neoessaiy by the hydraulio piess in which 
the plato was bent being too nanow to take the full width of 0 ft 3 in 
The suppoits of the fiont Mall consisted of fi\o sets of upnghts in lew, com- 
posed of 12m by6in planks, 14ft long, placed in couples 6 in apait,thopau 
next to the port on either side being stiengtlienod by an additional plank of tho 
same scantling The 6 in spaces between the upnghts woie filled m with oak 
timbei The feet of tho npnghts passed through a base plate 2 ft 7 m wide, fit 
in thick, and 22 ft 9 m long, bunk m the masoniy flooi , and they weie mu Math 
lead into the stonowoik Between the back edgo of the base-plate and the 
granite of the flooi an inch of oak was niliodueed 
All the upnghts passed thiongh a ^-in plate 1 ft. 10 in uide and 21 It 9 in 
long, at a height ot 10 ft 8 m above the flooi level, and each set was bolted to- 
gethei by two 3-ra bolts, one abovo and one below the f-iu plate Tho uppci 
ends of these upnghts were shaped to suit the cuivo of tho upper bent aimoui 
plates hefoie desonbed. 

Between tho second and thud thicknesses ot aimoui, theie was a layor of 
hides about £ of an inch thick, and woighmg, pel foot supoifioial, about 1* lbs , 
stnps of the same material weie mseitod between the thud thickness and the 
upnghts 

Generally the aimour bolts weie 3 in diametoi, with a conical head foimed 
by upsetting , the lai gei diametei of the head was 4 m , tho shank was i odn cod 
foi its whole length to the lcssoi diametei of tho screwed part, oi 2 8m, ac- 
cording to Majoi Pallisoi’s plan, and a lounded thread was cut foi a length of 
about 6 in with flj threads to the inch 

At tho ends of the fiont thoie weie eight and mno (17 in all) 3j in armour 
holts, the increased diametei being intended to piovidc, in some measure, against 
the extra stiains due to the want of continuity in the stiuctuie These bolts 
were foimed with screwed heads having five threads to tho inch, and the nut 
end had the same thread , tho shank was reduced to the lesser diametei of the 
thread, oi 3 3 m 

There were, besides, eight 2i-in bolts securing the second and thud thick- 
nesses of aimoui, and these weio made on similar pimciples 
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The bolt holes wcio geneially made 1 in laigei in diametei than tho bolts 
they' lecenod, except in the case of the planks m the thud thickness, whcio the 
holos weie only half ail inch laigei, and in a fen instances whcie they occuned 
neai tho edges of aimoui plates in the thud thickness All the edgos of tho 
bolt holes weie lounded off, and the space aionnd tho bolt was filled with ash 
tubing 

Wheie the airuoui holts passed between the coupled npughts, ehp waslici 
plates, If in thick, were fitted to the backs of the upnghts , these had flanges 
to hold tho edges of the upnghts togcthci, and they weie bolted thiougli tho 
timber to a small plate on the iiont»side of tho npughts, to hold them in then 
places without the assistance of the aimoui bolts 

Each aimoui bolt was seemed m tho following maunei on the mnoi side of 
tho wall 

Next to the aimom theie was a enculai washei of well seasoned elm, and 
on this a wiought-non washev If in deep, having a, slight dish on tho aide next 
the elm, and a splieiical segment-shaped cup on tho lcveisc Into tins cup 
fitted a sciow-nut 2 m deep, with ono faco shaped to apoitianof a spheic, and 
next to this tho main nut 3 m deep. The ash tubing in the aimom was con- 
tinued thiougli tho elm and into tho oup-washoi 

By this aiittiigcnient of cup and hall, a ceitaiu amount of movement in tho 
paits of the iiont could tako plaeo without of necessity subjecting the holts to 
cioss stiams Tho nuts and washeis belougmg to the 3J-m and 2f in bolts 
weie on pieoisely the same principle, hut the dimensions weie slightly altciod 
The bolts eonneetmg the coupled upiights weie 3 in in diamotei sciewcd at 
both ends, and then shanks weie leduced to the lossei chametei of tho sciewed 
pait The uppei holts passed thiougli distance tubes 1 m thick between the 
upiights, and both weie piovidcd with elm washois, a plain non washei, and 
a 3-m. nut at each end 

Those of the aimoui bolts which passed through fiom tho fiont to tho If in 
stnngci plate, to he heieaftci de<seiibed, weie alsopioxided with ckstuncc tubes, 
wood washeis, and dished washeis and nuts as the othei aimoui bolts 
All the aimoui plates and planks used m tho fiont, as well as the bolt lion, 
weie made by lolling Samples of the aimoui plates and planks weio pioYcd 
at Skoebmyness, and found to ho vciy good, and tho aimoui holts, tested by 
falling weights, also gave veiy good insults 

The foundation on which tho fiont was erected was composed of the lowei 
cornse of tho giamte casemates of 1865, walked to conespond with tho upper 
courses of the giamte work of Plymouth Bieakwatci Fort 
Next with legaid to the sbuctme cwnymg the too f 

This oonsiated mainly of two pieis, two box girdms, four single web gndeis 
with aich plates between, and a continuous lj-in stunger plate attached to tho 
front ends of these gliders and aich plates 

The pieis, which m plan differed somewhat fiom those in the actual woik m 
older to adapt them to the site, weie mado of f-m boilci plato and angle non, 
tho j omts bein g covered by sli ips on both sides. They weie filled with Poi timid 
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cement concu-te, and m one place, uhcie tin stone found ition uwlu tin in i\ns 
faulty, slioit lengths ot aimom liiua ivm insulted icitiuilly io make tip iui tin 
defect A poition also of the filling in ot the left piu consisted ol stomps oik, 
to meet m some degite the tendency ol newly made conueto to touipicss umlci 
a heavy load 

The two box gudcis vcic made of --111 webs and 3i 111 by" 1 m hi 1 in 
angle uons, with 5-in plates in tlio top ami bottom flanges 'Ibe iiont girdtt 
ivas 18 m deep, 25 It Dm long the inlenal between the heatings being 1 I ft 
Uheicai gn dor vras 2 ft deep, 28 ft long, tbo in feu 'll between the beiiinm 
being 11 ft The top tables ot both w r eie sftiped tiunsveiscly to suit the inclina- 
tion of tlie guders lestmg on them, and the front giidct whs filled with l'oit 
land cement concrete 

Tbo ti ansi ci so single W'cb gndeis rested upon the boy gudois amlpieis, and 
wcio meted to them Thcv weio 1 ft 9 in deep, 20 It Sin long, fho mti i- 
\nl between tlie beai mgs being 17 ft 0 in They woic spaced at mtcnals coi- 
usponding, is nenily as possible, with tlio spaces m tlio actual woik, but in 
one instance it was nccessaiy to base a half spaco 

To the top tables of thoso gndeis, noai then fiont ends, were meted knees 
oi biftLkets, thiougli which the long bolts, holding back the upnglit suppoits of 
the fiont wall, were nutted 

The aicb plates between the gndeis weie made of ^-inoli plate for a distance 
of 5 ft 10 m, fiom the fiont, and the lemaindei was of 1-m, plate They were 
i noted to the gndeis, and m the ensoof the plate next to the huge boy gndcrof 
the adjoining casemate it was bolted to its low ei flange tluongh a block oi w ood 
laid foi the puiposo of adjusting the different lei els of tbo two gndeis 

On tlio undci side of the tiansveise gliders tie bais, 4 in by u in , weio 
meted, to meet in some degico tho want of continuity m the thiust of the 
niches, and also against the outei gndei foiged knees weie scorned with tho 
same objeot 

The lj-in. plate attached to tbo fiont ends of tho gilders was stiougly 
nveted to them as well as to tho angle irons on the ends of the aioh plates 
lately described 11ns plato was 21 ft 9 m long and 2 ft deep 

Tho 3-m plate, thiough which the upnght coupled suppoits passed, as befoio 
Aescubed, was attached to an angle non on tlio upper edgeot tins 1 J-in plato 

Between the upnghts and 11 -in plate an inch of oak was nisei ted, and also 
iu the xntei val over the poit, the space between the fiont wall and tho li-m plato 
was filled with oak 

Wood was used in those pmts only whero it could be eyammod and leplaeod 
ill ease ol decay 

As legal ds the filling in of the fiont paitof the loof, this consisted mnmlyof n 
conciete composed of cast-iron turnings, asphalto, bitumen, and pitch, of which 
tho weight, per culno foot, was about 200 lbs , the non weighing about tbrcc- 
qum tei s of the whole. 

Between the uppei pait of tho second thickness of the fiont wall and the up- 
right supports, as well as m the mtei vals between tho suppoi Is themselves, some 
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lailway lails weio embedded in the non concieto to compensate m some dogiec 
foi tho want of solidity m the conuete, duo to the shoit time allowed to it loi 
setting , some milway lails weio also nisei ted in the 11011 concietc between tha 
tiansieise ioof gudcis, neni then fiont ends, to hold, down the waslieis tlnougli 
which the uppei tici of airnour bolts weio nutted , at this pn.it also, ns well 
as at the ieai ends of tlio gudeis, moss shutting of lailway lails was mtio- 
dueed between the girdeis to compensate foi the fieshness of the conciete 
Fiom a point about 2 ft fiom the front ends of tho tiansveiso girders, to the 
masonry m ieai of the casemate, 14-m brick niches, in Portland cement, were 
turned in thiee lings ovei the aieh plates bcfoie desenbed As the old buck 
aich forming the ieai of tho casemate did not coiicspond with or foim a con- 
tinuation to the now aichcs, a timbei beam stiengthened with an non flitch 
plate was thrown aciosB to close the intei vnl Oi ci the whole of the aiohmg 
of the new ioof Portland cement conciete was filled m to a depth varying liom 
2 ft 9 in lu liont to 4 ft 6 in m real to lendei it bomb proof 
Lastly, a lepe mantlet, mcasunng 16 ft long by 7 ft 9 in high, composed of 
6-inch hempen lope woiked lound a 3-m lound non bai at top and bottom, 
with n poit of the piopci diraonsiODS left in it, was suspended from eye-bolts 
passing tlnougli the ioof aich plates in such a position that tho ends of the 
mantlet weio between the front wall and the piois The object of this was to 
answei the pmpose of catching splinteis oi othci fiagments that might be 
thiown off from the back of the wall undei a heavy batteimg In an actual 
woik it would be of essential use in deadening tha sound of heavy blows, and 
pi even ting injury to any person from contact with tho front wall wh en struck 
Account of the Experiments. 


The tnals took place on tho 16th, 17th, and 18th June, and 7th nud 8th 
July, 1868 

The guns employed in the attack were as follows 


Nntiuc 

Weight 

Tons 

SSSf 

Uofmwoislii.( 

pioJiUllo 

12-in, lifted, muzzle-loading 

25 

76 pellet 

600 

10-in lifted, muzzle-loading 

18 

60RLG, 

, 400 

15 m. Rodman, smooth-boie 

19 

100 American 
= 83-j English 

. 450 


The battery was placed at 200 yards fiom the woik 

The committee m chaige of the exponment consisted of the Piesident and 
Members of the Oidnance Select Committee, with an additional officei of tho 
Royal Navy, two additional ofEceis of the Royal Engmeeis, and the Chemist to 
War Department, as associate members 
Aftei weighing all the conditions nndei which an actual attack of the 
Plymouth Bieakwntei Fort could take place, it was deteimmed that these 
tnals should be made with ohaiges to give effects equivalent to those duo to fall 
battenng chaiges at fiOO and 1,000 yards , and a programme, based on that 
airangomcnt, was picpaied But, at the last moment, this decision was loveisod, 
and, without regard to tho distance at which ships would bo ablo to engage 
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the foit, 01 tlio feasibility of defending the shoal water in its vicinity by 
a system of manna distinctions, 01 the effect of the fue of othei batteucs 
in its suppoit, it was decided that full battering cliaiges should bo used, 
the attack thus partaking of the ehaiactei of one made against an unaimcd, 
and, m all but the stiength of its own wall, an unresisting work 

Accoidmgly, the following tounds weie filed — 

6 12-in Palliscr shot 

4 . 12-m „ shell 

3 10-in „ shell 

1 9-m „ sBot 

5 15-in Rodman shot 

1 15-m „ „ at the gianitc base. 

Making a total of 20 lonnds, of which three weio died m salvo 

In addition to this, two 12-m and six 10-m Pallisci shell were filed with 
charges to represent langes of 1,000 yaids, and sometime aftem aids thiee 
more lonnds weie filed at the work from the 15 in Rodman gun, making up 
31 louuds in all 

The accompanying tables give tho detail of the piactico, as well as on abridg- 
ment of the puneipal effects produced 

It was also decided on the ove of the trial that the rope mantlet should be 
lemoved, so that on tho fiist day it was not m use at all, and subsequently it 
was only allowed to be hung temporarily fiom the root at some distance from 
the fiont wall, whoio, of couiso, it was quite out of place, and lost much of its 
effectiveness 

Of tho 31 rounds filed altogether at the stiuetuie, there were — 

2 12-mch shot ... \ 

2 „ shell | at the 20-mch portion. 

4 Rodman shot ) 

4 12-mch shot J 

4 „ shell , . I 

9 10-mch shell , . .... V at the 15 moh poition. 

5 Rodman shot ..... I 

1 9 -inch shot . . . . ) 

But one of the Rodman shot aimed at the 13-inch poi tion, missed tho n on fai get, 
and stiuck the giamte base, only glancing up against the irou front. 

In the first thiee days filing, thoie were 21 lounds, exolusive ot the Rodman 
which missed Of these 21 rounds — 

2 f 2-moh shot 

2 „ shell . 

*2 Rodman shot 

3 12-mch shot ... . > 

G 10-mch shell ! ' weie at tho 15-inch portion. 

2 Rodman shot / 

* Ono of tlio 12 moli shells struck jinitl} un tho 1» inch iioition 


| weie at the 20-mch poition 
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The following la taken fiom the lopoit of the committeo on tlio condition of tko 
stiuctuio at tho close of tlio tlnifl day ’s flung — 

As irt/aich the eiteiim, tho eitia 5 in plite was bioken tluough by fom 
laigc ciacks connecting v ai ions shot holes, and a piece of 5 01 6 squaio feet at 
its lowei left hand coinei was bioken off Tho i lght hand top einved plate, on the 
15-in poition, was broken in two, and ono half of itswung lound on to the top 
of the loof, turning on one of tho holts as a pivot, an extent and foun of damage 
that piohably was occasioned by the want of lateial snppoit, a deficiency which 
would not occui m tho foit itself The adjacent top plate had aha considerable 
pieces bioken off its lowei coineis • 

As legal ds the effects in tear, tho lepoit of the committee says, that the mnei 
plank above the port was ciacked vertically and started , a piece ot the mner 
plate, about 3 ft. by 1 ft 0 in , undci the poit had been detached m two pieces 
by the effects of two scpaiate blows, and a portion of it duven to the ieai A 
fiagment, raeasuimg 14 in by 16 in , of one of tho innoi planks in the next bay 
to the piopei left had been detached A small portion of an mnei plank m the 
bay to the light of the port was detached, and neai tho bottom thcio was a 
laige stanod lractme In tho next bay to the light, theie woie two complote 
peiforations tluough the fiont wall, the piojectilcs or the fiagmonts earned in 
by them having sufficient foico to indent the }-in non skin of the pier, and in 
one ease to ciack it 

Twelve bolts in allwoio bioltcn, and a few livet heads knocked off The 
vertical uprights weie moie oi less bulged, and in one instauce on upiight was 
cracked acioss its whole depth and one half its width. 

The committee considei it extiemoly improbable that such a weight of file 
would evei be deliveicd upon an aiea of this limited extent under the conditions 
of an actual naval attack, and at this point tlio casemate was peifecthj defensible 

When the practice was lcsumod on the 7th of July, six lounds woie Hied as 
follows — 

3 10-in. shell v 

1 12-m shot . . \ f at tho lS-iuch 

1 16-m shot [in salvo (portion 

1 9-m shot ) > 

Of these, the three 10 in. shell stiuok eithei eloso to, oi fan on, old wounds, mid 
in oi eased the damago pieviously done In one case, tho shell stukmg fun on 
an old maik, passed tlnougli, exploding in lls passage, and cnuying numeious 
fragments into the casemate It is piobable, howevei, that had the mantlet 
been in its plaoe, many of those would have been stopped by it One of these 
shells stiuck close to the top right hand coinei of the poit, and bioke away the 
wholeof the thiee 5-m layeis foiming the top of the poit, but it must be observed 
that this portion of the woik had been stiuck previously by fom 10-in shells, 
all five being within an area repiesented by a tnangle, with sides of 2 ft 
and a base of 2 feet 7 in , measuring from centio to centio of the holes A 
great many Augments (one a very laige one) wore coined into the casemate by 
this round, some being thrown a considerable distance to the real, either ovei 
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tho mantlet, 01 tluough the poit-opomng in it This sliell bm.st inside tho 
casemate and filled it -with smoke Tlio mantlet was slightly ignited and a 
good deal cut by the splmteis 

After this the salvo was filed It was intended that the shot from tlio 12 in,, 
10-m , 9-m , and 16-m guns should stiikc tlio taigct simultaneously, on a 
limited aiea of the 15-in poition, aheady a good deal damaged bv pievious 
lounds Tho guns weie Hied by means of tho ebonite fnotional machine, 
but the tubo failed to lgmte tho cliaige of tho 10 m gun, and, tliciefoic, only 
thiee shot stiuck the tai get, butthese weio planted, withinless than 2 ft of ono 
anothei, on a pait pieviously sliakon by o^e 12-m shot, one 12-iu shell, ono 
10-m shell, and ono 15-m shot It is not snipusing that a huge opening v as 
faimod m tlio wall The casing ot the piei which stood immediately m ieai of 
this mjuiy was indented to a depth of 9 in , the concrete filling being c\posed 
ovci an aiea of about 2 ft 6 in by 2 ft 4 m , and it was thought the piei had 
been slightly duven back at the top A huge number of fragments of shot and 
small pieces of plate weio found inside the casemate, but nothing passed thiough 
the mantlet 

In addition to this dnoot flie at the fiont, the loof structuie was tested by 
vcitical file from 13-in land seivioe mortals at 900 yaids langc Tho ehaiges 
Mined from 3 lbs 1 oz to 3 lbs 6 oz , and the elevations fiom 68° 45' to 
60" 45', exoept in a few lounds w Inch weie filed at 70" with 5 lbs. 6 oz of 
powdei Before commencing this practice tho concrete loof was coveted with 
eaitli and sand bags to a depth of 5 ft Tho shells that weio filed weie filled 
with sand, but in two instances of those shells falling on the loof, they weie dug 
out, and live shells, with bursting ehaiges of 10£ lbs, weie insetted in then 
place, and fiiod by magnetic tubes 

The fiist of these (5th lound) sti uck on the roof and penetiated 3 ft 3 in into 
tho cat tli, oi 4 ft 4 in meosming to the bottom of tho sholl The ciatei foi mod 
was 4 ft by 4 ft The live shell formed a eratei 13 ft G in by 14 ft 6 in , and 
3 feet deep Tho eaith thrown up felTback again chiefly into the eratei The 
explosion had no effect whatovei on the loof stiuctuie, and soatcely biuised tho 
oonciote 

The othei sholl (16th lound) fell oil tho roof, aftoi one half tho eaith-covei mg 
had been removed, leaving it 2 ft 6 in. deep It penetiated 1 ft 1 m , oi 2 ft 2 in. 
measuiuig to tho bottom of tho shell The live shell msoited m its plaoo 
foimed a ciatei, 9 ft by 10 ft 6 in , down to the concrete , hat them was no 
effect whatevei observable on tho structural paits of tho roof, either fiomtho 
falling shell, oi tho explosion of the live shell 

Aftci this the whole of the earth covenng and sand bags weie leraovod fiom 
the loof, but it was not until the 27bth lound that anothei lut was obtained 
tho penetiation then was only 8 inches A live Bliell was filed, but it pioduced 
bo littlo effect that tho flung was discontinued at the 298th lound 

As legal ds th a general ejects of tho attack, the following is an outline of tho 
conclusions diawn by the committee — 

1st— That the 15-m stiuctuie was ponchated when hit ducot between tho 
veitical si tints by a 12-m. and a 10 m shell (lounds 1513—14) filed with bat- 
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toung chaiges at 200 yaida, and noaily penotiatod between tlie struts by a 
12-in shell (lound 1523) at 1,000 yards They considered, tlroicfbre, that the 
structure was deficient in strength in those spacos. 

2nd — That the employment of planks necessitates numerous joints and should 
bo oided, and that the substitution of wide plates foi the planks would have 
gieatly added to tho resistance of the stiuoture. 

3id — That gi eater equality of stiongth m the diffeiont paits of tho stiuctuie 
would have been obtained by the introduction of more uprights in iear of the 
wall, and that moro strength was required immediately round the port 

4th — That the employment of the* non m thioo thicknesses compared very 
favourably, in point of lesistance, with that of the single solid plates of equal 
thickness , and if tho cost of the two systems weie tho same, the effect of re- 
peated blows on the solid structure was so much moie destructive than on the 
compound, that tho solid could not bo lecommended 

5th — That the Palliser through-bolts and the special washers answeiod 
admirably 

6th —That the wood casing lound the bolts and m othei paits, pioved advan- 
tageous, and piobably contributed, in an important dogieo, to the success of the 
fastenings 

7th — That the operation of curving tho uppoi plates mjuied them, and 
should not bo practised 

8th — That the fiamewoik of tho stiuctuie gave a very satisfactory degroe of 
losistauce, and that the loof was pi oof against the fire of the moitai sliolls used 

9th — That a mantlet is a necessary accessory to woiks of this natuie, and 
that had the one constructed foi this expenment been fixod m its propel place 
duiing the attack, few, if any, of the fiagments whioh were thiown into the 
casemate, except thoso passing through the poit left in the mantlet, would 
have injured the gamson 

As legends these general conclusions of the committee, it must be obscived 
that the main point kept in view m designing the non tvoik of Plymouth 
Bioakwatei Foit was that of giving facility foi future additions of strength m 
the front wall 

Foi this purpose, the mcieaso of the numbei of real uprights was the fust 
measuio contemplated, as it was seen that not only could the general front thus 
be uniformly strengthened to a veiy great extent, but also oonsidoiablo addi- 
tional suppoit could be given to the sides of the poits 

Tho facility with which this method of strengthening has been carried out m 
the actual lort, pioves these views to have boon correct 

With regard to the next most obvious way of increasing the stiengthof such 
a wall, that is, by putting additional aimoui on its face (which plan was tried 
on pint of the experimental front), it is oleai that by this means almost any 
concern able amount of strength can be given; and it should be lemembered 
that the extia plate thus put on for this tual did not fauly lepresent the case 
of this method being adopted in an actual work, booauso the individual plate 
used on this oocosion was left without the suppoit that the edges of a plate in 

d d 
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a continuous layei would leccive, which cucumstance, no doubt, partly accounts 
foi its tendency to ciack under the blows of the heavy shot w Inch stiuck it 

The trials of this fiont suggested to those engaged in its constiuctiou anotlici 
very important way of improving iteiesistnnce, which must he next noticed 

It will havo been obseivod in the descuption of the stiuctuio given above, 
that a lajoi of hides was insetted between the second and tliud thicknesses of 
the fiont wall, and also some of the same material was used in iiont of tho ieai 
uprights Also, whcievei it was possible to introduce small quantities of 
wood, to act as a cushion, it was employed 

Circumstances prevented the use of mow of this soit of matonal on tins occa- 
sion, hut it was dear that what little was done was in the light ducotion 
Accordingly, experiments were set on foot to asceitam the effect of separating 
the aimoui, in a “plate upon plate” stiucturo, by layeis of other matcual m 
somewhat thickei masses The oxpeuments will be found fuithoi on The 
geneial result, as boaung upon tho Plymouth Bicakwatcr construction, will 
only he noticed now This may he stated in a few woids, as having piovod 
that the inseition of a heavy conoiete, composed of iron borings and bitumen, 
between armour plates, loads to highly favouiablo results, as legaids both the 
looal offeots of penetiation by piojectiles, and the geneial mjuiy done to tho 
stiuotuie So decided an improvement, in fact, was pioduced by it, that it could 
not longiemam a question whethei it should be applied to tiro Plymouth Poit, 
and ono great advantage leBultiug fiom these trials has been that ef introducing 
a 6 m layei of uon-coneiete between the fiont armoui and middle thickness of 
the wall of this foit, os well as a thm layer of the same mateual between the 
middle and thu d thicknesses 

The next point to notice is that of the employment of planks of non m tho 
fiont wall itself 

No douht, a wall composed entirely of hioad plates will be supenoi to one 
composed of an equal quantity of naiiow plates or planks, but this is not the 
question at issue 3?or a given sum of money a muoh gieatei quantity of lion 
can he usod m the shape of planks than as hioad plates The piopoition, in 
the case of modeutely blond 6 in plates and planks, is neatly ns 6 3 Hence, 
foi the money that will hiuld a 15-in wall of fi-m plates, one 25 m thick 
could be mado of planks But this does not exactly state the ease, because it is 
not suggested that a wall intended to lesist heavy shot shall bo faced with 
planks The ieai question is whether a wall of three tbicknosses of 5-m 
amour plates, suppoitod in iear by uprights at close intervals, will be supeuor 
to one made up of 5-in fiont aimour plates and thiee layeis of SJ-m. planks as 
backing, with an equal numbei of upnghts in iear, oi, putting itanothei way, 
whioh would make the best piotection, a wall composed of 11 inches of plates 
in two thicknesses, oi one made up of 5-in fiont plates, hacked by two layers 
of 5 m planks, that is, 15 inches in all, foi they would both cost about the 
samo money f Moi eover, the question is not thoroughly stated until it has been 
explained that, from the mode of manufacture and the dimensions of these 
planks, thcie is moio oppoitumty of bunging the iron in them to the best eon- 
ditiou for lesistuig- shot than in oidmaiy aimour plates. 
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With legaidtotlio advantages of the plate-upon-plate as comp (ued with, 
the solid plate system, it is only necessaiy heie to diaw attention to lounds 
1,512 and 1,615, fiom the 12-m and 10-in guns, at the pait below the poit of 
this expci imoiital w oik These two rounds have been alioady noticed in Papei 
XV of last ycai’s volume, pages 203 and 204, and thou effects woie thou com- 
paicd with the piaotioc, fiom the same guns, at two sohd 15-m plates The 
committee do not ovei -state the case m saying that the iron in thiee thicknesses 
has compared " veiy favouiably” m point of resistance with the single sohd 

As regards the fastenings, some valuable instiuction came of this CYpcnmeut. 
In the first place, the bolts lcduced in the shank to the lcssei diamctoi of the 
thioad, on Majoi Pallisei’s punciple, answeicd vciy well indeed, but it must be 
mentioned that the lesults of this tual did not beai out the idea that a conical- 
headed armoui bolt should be made by diawing down the whole bolt (except 
the head) fiom a bai of the laigest diamotei of the cone, instead of using a bar 
of the piopor diameter of the bolt, and “ upsetting” the non to foim tho head, 
foi the whole of the conical heads of the aimour holts in the fiont weio foimed 
by “ upsetting,” and no disadvantage was obseivablo in tho lesults It may be 
stated that the deoision to upset the heads of the bolts foi tins tual was auivcd 
at, aftei a caieful consideration of the lesults obtained m some tuals (with fall- 
ing weights) of bolts foimod both ways The most noticeahlo point, howovei, 
about the fastenings was the introduction of the “cup-aud ball” sjstom, piu- 
posod by Lieut English, R E , foi the nuts and washeis 
The gieat difficulty that the fastenings have to contond with, in compound 
stiuctuies, is that of then being subjected to cioss oi oblique strains, at tho 
instant of then being plaoed under gieat tension in the rfneotionof then length 
A holt that will diaw out moie than 50 per cent, of its length, and ultimately 
bieak fibious undei the fair blows of a falling weight, will, if subjected at the 
same time to oioss piessuie, or an oblique strain, bieak off slioit, and show a 
moie oi less crystalline fiactmo The powei of self-adjustment which the 
11 cup-and-ball ” punciple allows, if it does not altogethei free tho holt fiom the 
minimus effects of cioss strains, must at any iate place it in a voiy much moie 
favouiable condition than it can be in, if fixed at both ends In this expen- 
niontal woik, the nut ends only wore made capable of self-adjustment, but in 
subsequent tuals, the heads as well have been construoted on thispimciple, and 
tho best lesults have been obtained thereby 
The Tables show tho effects on the bolts in detail Peihaps the most notice- 
able lcsult was that where the 12 in shot and 10-in shell (lounds 1,512 and 
1,515) stiuok within 2 feet of each other on the least suppoited poitioii of tho 
taiget, containing togethei an eneigy of upwaids of 10,000 foot-tons, and not 
one of the six bolts holding the oirnoui togethei at this pait was biohon, 
although thiee or foui of them were a good deal bent 

Out of the total numbei of 76 armour bolts m the taiget, 21 were broken 
in the course of the experiments 

Returning to the othei geneial conclusions to he drawn fiom these expen- 
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merits, tlicie rs tho case of the somewhat unsatisfactory peifoimaucc of tin 
upper cuived plates VVhethei the tendency m them to crack aroso horn in- 
juries received in the piocess of bending, 01 n hetliei it rras tho natuial result 
of then peculiar foim and position in tho woik, it is hold to say At all events 
they did not fully anBwor the puiposo foi which they weie intended, and a 
simple way of dispensing with them and substituting anothei anangement in 
then place has been aimed at 

Nothing could hare beon moie satisfactoiy than the way in which tho fiamc- 
woik of the casemate, consisting of pieis, loof gndcis, aioh plates, &.o , did then 
woilc in suppoitmg tho fiont wall, and in 'resisting the voitical flic 

As legaids the mantlet, it is ceitamly unfoilunato that it could not bo allowed 
to occupy its piopor position dining the tnals, foi, howevei desuablo it might 
have been that the effects of eaoh lound on tho mnei face of the non w oik 
should bo noticed m detail, tho mantlet belonged so essentially to tho dofensn c 
stiuctuie, that its absenoe alteied to a gieat extent the cliaiaotei of tho defence 
To show how impoitant a pait such a mantlet would play, if fauly placed, it is 
only necessniy to look at the lcpoit of round 1,615, wlieie a gloat piece of 
aimoui was hurlod against tho rope-woik, and, only cutting the lope slightly 
and bending tho iron tube on which the bottom edge of the port opening had 
been worked, it lebounded upwaids of 6 ft fiom tho mantlet In fact, through- 
out the trials, it showed itself to be admirably suited foi stopping splinters 

With legal d to the threo additional rounds filed some time afteiwaids at this 
taigot fiomthel5-m Hodman gun, the piactice took place on the 31st March, 
1869 

The gun was at 200 yaids 

The shot weighed fiom 451 lbs to 457 lbs , and being fired with 83^ lbs 
chaiges, stiuck with a velocity vaiymg fiom 1,360 to 1,384 ft. pel second 

It was difficult to distinguish tho effects of these rounds Horn those due to 
the earhei battering, and as they weie filed moie foi tho salce of testing the 
metal in the shot than to tay tho tai get, the results have not been tabulated 
here 

Tho indent of one of the shot was 4 0 inches, parts of the other two remained 
fixed in the plates, so that the indents could not be taken. 

One of them (No. 1,646), striking on the 16-in portion, did, besides otbei 
injuries, consideiable damage in rear by breaking two ot the uprights , the 
others, stuking on the 20-m poition, did moie injury m fiont — oiackmg and 
knocking off poitions of the extia face-plate, and otheiwise extending the 
effects of pievious lounds. 

Although the stuct objeot of this Paper would be fulfilled if the present 
notice were confined to a leeord of the tnals at Shoebuiyness, yet, as this 
oxpeumental structuie was the lepiesentative of an actual woik in piogiess, 
the subject would seem to be left in an incomplete state without some account 
of tho extent to which these trials have affected the woik upon the foit itself 

The following obseivations give the mam points of improvement adopted 
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since tlio expcuments, and Plate V shows how the Plymouth foit is being 
actually earned out — 

1st The two lowei tieis of fiont aimoui plates have been sot out 6 in , in 
oidei that the mteival may be filled with conciete, composed of cost-uon 
turnings and tor 

2nd The uppei bent fiont plates have been leplaced by plain armour plates, 
a layei of 1 in of conoiete being insei ted between them and the next thickness , 
an additional tier of planks has also been provided over the poit in the thud 
thickness 

3rd The numbei of uptight bais u» ieai of the fiont wall has been moiensed 
fiom 12 to 18 por gun, those next to the embiasuio being of a largci section 
The clip washei plates, fitted to the backs of the upnghts, have been gencially 
icplaoed by plain plate washeis, bolted tofambei which has been insoi ted be 
tween the uprights 

4tb An additional thickness of arnioui plate has been provided at the port, 
the estia plates used foi this purpose being suppoited on then edges by tho 
upnghts of large section just mentioned 

5th — An alteiation has been made in tho armoui bolts, by which the princi- 
ple of the " cup-aud-ball” has been moie fully developed Each aimour bolt is 
now a plain bolt with a thiead at each, end and a reduced shank, and is fitted 
With a spheucal nut at each end The fiont nut sets into a cup shaped holo in 
the aimour plate, that in rear into a eup washei, as shewn in the diawing 
The holes ui the seveial thicknesses of the armoui are made to admit of con- 
siderable movement of the paits without bending the bolt. 
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STRUCTURE REPRESENTING PLYMOUTH BREAKWATER FORI' 
Repoit of Piactico on lGth, 17tli, and 18th June, 1868 


i y 

Sfcpt 

Gim 

Chm gc 

POT\ ^ l 1 

PnojECTiLr ! 

Niitmc, | 
Fjongtli, Total 
Weight, anti 1 
DlnmUoi | 

I! 

Total ! 
1 liciga , 
in loot 

till 

HP 

Observed Eft. cl-. 

1502 

12-ln 

lflodii n 

2d tens 

I 

pollot 

PallNoi shot, 
hon<l 1 25 

25 2 ins 

002 lbq 

11 1)2 ins 

rnllfsei bliillj 
litncl 1 5 

29 7 ins 
ou2 lbs 

11 02 Ins 
^Brnstoi 

1109 

*711 

5(505 

152 b 

! 

i 

i 

20 INCH POBTIO . 

Ktrackon tlio piopci loftof llu 
sxtin j In pluto.initieof inilint 

I ft fi om bottom, ii ft fioiiillght 
ulfcii Indent H I ill doip di 
min tel 17 in lie Uni J'lii'iiluli 
buckled forum d about i. in ho 
loud the bolt, mid (Alien in 0 5 
in nl the boliom, the plate w ns 
(lacked xcitlcalli tlnough in 
ilonl oxtouillng nbont 2 ft (. in 
nlimo it nuil downwuids to lint 
torn of plntc (maximum opening 
ofeinek l *j lu nt indent) a nekoil 
nlso limLnntuUj to left edge, 
opening of cinelc nt i Jgo of pinte 

7 in Some of tho lend packing 
botweeu the plates souce/ul out 

Intern -Plate bulged and In 
dented neai upright, several tine 
ei neks show lug Upi igbt bulged 
about 1 in , small bolt undci No 
lain bout 

“hi uck light edge of extra 5 in 
Iplnte iihovo left top cninoi of 
Ipoit, 7 ft (i in flora bottom , 
lundc a scoop in tho piaLu, nnd 
head of shell bulled ltw If m tbi 
oilglnnl fnco of the target, tho 
liend was knocked out liy No 
1501, when tho shell having 
passed Ihiough tho extia plate, 
tho elopth of ponotintion was 
found to ho (I 25 in in propel 
fiont of tmget, point Just In 
elented ccntiu lnjci Shell limsi 
on sti Iking, numerous Augments 
entoilng tlio ensemato tlnough 
tlio poi t , u good deal of tho lend 
packing between tho plates 
sitneo/cd out The concussion 
bioke oft tho loft bottom coiner 
of extra plate that lmd bogn 
cracked by tho previous round 
Scoop out of extia 5 In pinto 
12 inches long, 5 5 Inches wide 
Tllninetci of Indent in piopci 
fiont 11 in by 9 in , point of shot 
Just indented contic port plate, 
tho piopei fiont plate broken 
tlnough from top to loft nppei 
angle of poi t tin ough indent n 
holt on li ft bottom of indent linn 
had a slice cut off it (.In long, 
but othoiwisc iminjuicd 

In icrn — Plank alien o poit 
lnokcn tlnough e oi ticullv at left 
edge of poi t nnd ehlxen lmek 2 75 
hi flnpi of ci lick 2 5 in at top, 

1 2 in nt hoi tom Wood w nahn a 
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State of the fi ont of the stiuclure lepresentmg the Plymouth Brcahviatei Foi t, 
at the conclusion of the fii st thee days' practice 


Beginning fi om the left — The bottom fiont plate of the original stiuctmo is 
buckled fonvard 1 in at top and 0 5 in at tlio bottom, the centre plate 0 5 m. 
at bottom, and 1 26 m at the top The left curved plate is oracked, appa- 
rently through, horizontally along a lyie 3 ft fiom bottom, the ciaok running 
under the extia plato (not obseived duung the exponment ) The extra 5-m 
plate is touching on its left edge at the bottom and up to No 1601, above that 
it is away fiom the front about 2 6m to 3 ui up to the cuive, from thiB to 
its top the space between avoiages 16m, the lead being about 07m thick 
At 21 in fiom the top this plato is clacked thiough, horizontally, for a length of 
about 2 feet , the ciaok is about 2 in from a bolt, and to which a shoit mack 
runs from the longei one (Not obsei ved duung the experiment ) This plate is 
also broken up by fissuies into a number of detached pieces, principally by No 
1621, though the fissuies themselves ladiate chiefly fiom No 1605 Beginning 
on left, tho principal one Btaits from the light of No. 1601, passes through No 
1505 (with a maximum opening of In) joins this last with No 1521 (maxi- 
mum opening of 2 in ) , from No. 1521 it runs up 2 ft 6m, and to within 
0 m from left side of plate , from No 1505 ladiate four others, one on 
the left to edge, one on right to edge through top of No 1604, one about 20 m 
long towards right top, and one on left side fiom angle towards No 1503, 9 in 
long The poition of plate actually broken away on left bottom measures 5 ft 
6 in up by 2 ft at No 1501, 1 ft. 8 in at No. 1503, and 10 in at bottom— on 
its right edge the plate is away fiom face of target 1 in at bottom, 2 5 in at 2 ft 
up, 2 ft at 4 ft up , fiom this point to 8 ft 6 in up, the plate is much broken 
and touches in places Taking the lowei plate between the extra 5 in plate 
and end of target, under the poit, it is bucklod vertically 2 6 in in centre The 
bolt beneath the poit is dnven in about 0 8 in, and ovalled by No 1515, the 
head of which lemains m On light lower coiner of poit, a ciack runs down 
through the plate to No 1612, the edge of which is 7 m from a stiut , at tho 
bottom of tho port the fiont plate is sepaiated from cenhe plate 1 5 in , below 
No 1515 tho bolt stands out fiom tho plate about 0 5m ,fiom tho lattei having 
been dnven m away fiom it , the bolt above No 1612 is driven m about 0 3 in. 
At 11 ft 6 in fiom the pioper left, the veitical buckle of the plate is 1 3 in 
m line with No 1512, at 13 ft the vertical buokle is 0 5 m No 55 bolt stands 
out 0 2m, tho plate has been penetiatcd by Nos 1508 and 1507, the head of 
the shot still lemainmg m the formei Clacks join No 1608 to 1607, and to 
1511, and 1507 with the bolt below it, which is dnven in 0 5 m. Above No 
1508 there is a small ciack fiom edge of plate 1 5m. long, and anothei upwards 
from No 1508, 4 5 in long Tlieie appeals to be a complete separation of the 
fiont lamina 1 in thick, extending ovei the area occupied by Nos 1514, 1511, 
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and 1508, down to 1507, No 1511 lias duvon a disc 0 13 in in diametci 8 in 
in, the holt on its left top has been driven away , the plate, behind where the 
bolt was, is completely bioken up , the bolt below No 1511 is dmw n m 1 in 
No 1514, which peiforated the tniget,bioke offalaige flake 10 in X 9 m X 1 in 
thick of front lamina between Nos 1611 and 1511 , the top of the pinto above 
the lnttei is also broken away Below No 1514 is tho head of No 1525, still 
remaining in plate m a splash , honzontal buckle of plate 2 in under No 1525 
Centie front plate , commencing fiom proper right Vertical buckle at 2 ft 
fiom end 0 6 m , No 1513 peifoiated tho target , at 4 ft fiom end buckle is 
2 in in line with No 1513, the plate is -also duven m somewhat all round , 
above No 1506 buokle ib 1 2 in and 1 8 in below The plate is cracked nbovo 
and below the indent 12 inches, and honzontally on the light for 5 in between 
the two indents, and on tho upper half of the plate the through holt is bioken 
off 9 in , the corresponding bolt m bottom of plato is drawn in 0 2 in , at 6 ft, 
from end the plate is 0 7m baok from the bottom No 36 bolt, in centre of 
plate, is drawn in about 0 2 in , near the poit the plate projects 9 in fiom 
bottom, and in port 1 1 in , the horizontal buckle of lower edge of plate between 
light edge of target and port is at 2 ft fiom end 1 in,, at 4 ft -2 in , at 6 ft -1 9 in , 
at 8 ft -1 in , and at 10 ft 0 3 in The two plates are 1 m apart at right, aud 
touching at port 

Top row. The nght top cornel of plate is biohen through nearly diagonally 
from half way up right edge down to left corner, the uppei half being 
turned half lound on its left top bolt as a pivot, and lesting on the loot proper , 
the plate is also broken thiongh bolow No 1522, thiough a bolt hole , the ver- 
tical planks are nmoh bent and bioken especially in reai of No 1522, the plate 
projects 2 5m on left, and is diawn in 2 m on right Tho second cm ved plate 
has had a tnangulai piece 4 ft 6 in. x 2 ft bioken off its right bottom cornci, 
and the left corner 2 ft 9 in. X 1 ft also broken off, this plate projects 2 4m 
at bottom, the whole plate is away from the next layer about tho same, and 
2 5 in from No 3 curved plate No. 3 curved plate is cracked thiough star-wise 
above its lower right hand bolt 

On top of casemate. The conoieto is cracked through horizontally about 9 ft. 
from rear edge, just at the junction of old with new part The bolts in the 
top row of 2nd curved plate have started up a little , the iron conciate appears 
to have held well. The condition of tho rails, planks, &c , behind curved plates 
cannot be ascertained, from the iron concrete having fallen in among them. 

State of the real of the structus e lepiesentvng the Plymouth Bi eahwater Fort 
at conclusion offiist thi ee days' pi actice 
Commencing on the lift No 37 bolt broken off 16 m from tho reai No 2 
plank is projecting 1 8 in. beyond the plate below it in leai, and 1 in on the left 
No. 5 strut Left plank slightly bulged and separated fiom No 1 plank 
1 8 in , from plate 15m at bottom, and 1 in at top, from 2 and 3 planks 
slightly Bight plank bulged about 15m m centre, aud not touching shield, 
except above tie bolt Wood packing splintcied below centie clip Top clip 
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washei bent back about 1 in on the light lion waslioi of No 30 bolt broken, 
and wooden washei smashed , aich angle piece bent back about 1 m and ciacked 
fiorn bottom to livct hole , 2 nvets gone Middle clip waslioi bent back about 

1 m oil left and 2 m on right No 49 bolt loose, and wooden washei gone. 
Lowei clip washei bent back about 1 in on each side, and No 67 bolt dm en 
back about 3 in Foi space between Nos 5 and 4 stiuts, vide lepoits on 
loundsNos 1501, 1603, 1503, and 1521 Tho gape of the oiack m No 4 plank, 
caused by No 1521, is 1 m , and the plank is bulged 1 in between upiights 

No 4 shut Loft plank slightly bulged and indented by No 1505 Eight 
plank slightly bulged Wood packi*g splintered below top clip washei All 
the clip washois aio bent back at their sides Wooden wedge piece above tho 
top dip washei smashed No 48 bolt gone Foi spaco botwoen Nos 3 and 4 
stiuts, vide lounds Nos 1502, 1512, 1515, 1524 and 1520 Daylight is now 
visible thiough No 1612. 

No 3 strut Left plank bulged about 15m Left centre plank slightly 
bulged Eight plunk bulged about 1 m Top clip washei muoh bent back on 
both sides, and wooden wedge above it smashed Centro clip also much bent 
Bottom clip slightly bent The wooden washois of all tho bolts ciuslied, but 
the bolts themselves aie all light 

Space between 3 and 2 stiuts, vide, lounds, 1600, 1507, 1508, aud 1523 
Daylight now shows thiougli 1523 and 1506 

No 2 shut. Tho left plank is about 7 m out of stiaight, and is much 
bulged and indented by Nos 1606 and 1607 It is ciacked hoi izon tally at 

2 2m from flooi light across andhalf thiougli The wood packing is destioyed 
The right plank is bulged about the same as left No 26 holt is touching the 
pioi, No 46 holt is 1 in from pirn, which has been indented by it to the depth 
of about 1 in. The centio clip waslioi has disappeaicd aud the othei clips aie 
much bent. No, 63 bolt is touching tho wooden slip between gianito flooi and 
non foot plate The wooden washeis of all tho bolts aio destioyed 

Between Nos 1 and 2 shuts 'lhe fiont layoi of plates is exposed foi a dis- 
tance of about 5 ft veitical and, 2 ft horizontal The space between Nos land 
2 struts is almost choked up with the debus of tho two ieai lav cis of planks, 
broken away by lounds Nos, 1513 and 1514, lendonng it impossible to take any 
accurate observations of the state of the shield beyond No 2 stmt, 

No 1 strut Left plonk much bulged m centie Nos 38 and 45 bolts 
neaily touching piei Tho centie clip washer is loose, and about 4 inches horn 
stiut Tho top clip is loose and about 4 inches fiom shut, and is much bent 
back on lelt Tho layci ol ludas, has, wbeie exposed to blows, become dism- 
tegiated, and, m many cases, fallen to pieces, leaving a vacant spaco 


*/ 
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Looking at tho taigct fiom the fiont, the effect of the salvo was to bieak off 
an megulai piece of the light end of the middle plate, moasming about 
4 it Ik m x 4 ft 8 m , which tell m fiont divided into two by No 1377, the lino 
of fractuie lunmng thiough No 1513 On top low ot cui\cd plates, the 
tuangnlai piece m No 1 between Nos 1520 and 1522, and sepaiated fiom the 
rest of the plate by fissures, was shaken out and also fell in fiont In the lowei 
fiont plate, the top edge from No 45 to 40 bolt, and down to bottom of the 
indents Nos 1575 and 1511, measuung about 4 ft X 1 ft 9 in and 1 ft 2 in 
was now bioken away and duvcn m, and that poition picviously sepaiated 
by No 1511 turned neaily half lound behind tlio lest of the plate In the 
combined foioe of Nos 1576 and 1576 In the voitical layer, No 1 plank was 
bioken through at No 46 bolt, and an megulai piece earned mvaj fiom its 
light side 1 ft Cm longbyl2in deep (this plaulc had beon pioviously nijmed 
by No 1506) No 3 vertical plank (pieviously lnjiuod by Nos 1513 and 1011) 
wasbiokou away fiom about 4 ft up to 9 ft fiom bottom, the 1 ft length boing 
bulged hack 7 m No 2 plank was bioken in half at junction of lowei and 
middle front plates, the bottom of the nppei portion piojecttng 5 in to fiont 
The plank was also bioken thiough at No 25 bolt, at tho uppci edge of No 1077, 
and a laige sooop taken out of its left side 15 m x 11 in In tho tlmd oi hoi i- 
zontal layer, the 5th plate was bioken away on its uppei edge osci a space of 
about 1 ft by 3 ft No, 2 honzontal plank was bioken off foi a length of 4 ft , ' 
2 ft 3 in fiom right, and bulged baok considerably on each side of the fiaettue’ 
No 3 hoi izontal plank was bioken away botwoenNos 1 and 2 stiuts No 4 
honzontal plank had a piece bioken out of it betwoen the struts (and only 
banging by No 18 bolt) 13 m. long by the depth of tho plank No 5 hou- 
zontal plank had a similar piece 1 ft 6 in long bioken out ol it in lino with 
, 1 S , t p' at, 1 tha piece bloken off lesting on No 18 bolt and the stimgci 

plate The horizontal strmgei plate was fractured and duven back against the 
box gilder by the piece of No 6 plank. 
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L he sci cv bolts Nos 25, 31, and 35 woie biokm at the sciew tlncad, and Ni> 

58 bolt di awn in 1 6 m 

Tko concussion jailed out tlio head of No 1525 slioll Indent found to be 
1 5 m 

In ) mi — Tlio piei seemed to liave moved slightly at the top It Mas indented 
to a depth of 9 m , and the coucioto (with pieces of chilled shot embedded) 
exposed ova an area of about 28 in by 30 m The damage had ohiefly boon 
caused by the 12-in shot The top flange (angle non) of side of piei next shield 
was ciaoked foi a length of 8 in and 0 3m wide, and was slightly duven up The 
skin plate along the left edge had opecH^Blightly at joint, and was bioken through 
9 in below box gndci The casing in front of the box guder was duven in 
against it , aiea ot bulge 12 m by 10 m 

No 2 sti ut The left plank was bioken through at foimei ciaelv (27 m fiom 
ground) and the upper portion pi ojected 1 5 inch ovor tho lowei on left and 1 m. 
in iear The whole of the centie part of the shut had shifted to the left 
r l lie distances ot the left plank fiom the pier befoie aud aftei the salso, 
weie— 

above Flooi Befoie Aftei 

inches 16 inches 17 inches 

„ 95 „ 10 „ 

„ 7 „ 8 5 „ 

» 7 „ 8 

,, 7 5 „ 95 „ 

The light plank was broken thiongh at about 7 ft fiom ground, the lower 
portion piojeotmg 2 5m bejond nppei Theio was an interval of about 2 m 
(in lcai) between the two portions of plank, in winch a laigo portion of shot 
n as jammod, partly supported by the pici which it had deeply indented This 
fiagment of shot had also scooped out the lowoi portion of plank 2 in bi 4 in 
Neithei Nos 1 nor 3 shuts weie much affected by tho saho, the heads of tho 
bolts in No 1 weie nearly touching tho piei befoio, and any fuitkci bulge m 
the shut was theieby prevented. The maximum bulgo m its left plank was 
now 6 in , just abovo centre olip washci A large number of fiagmentB of shot 
and small pieces of plate weie found inside the mantlet, chiefly on the left of 
port A piece of plate 15 in by 12 in was shaken out fiom abovo port and fell 
just mside. 

Nothing passed tlnougli mantlet (which was about 7 ft fiom ieai face of 
shiold) 


Height 

6 

39 

63 

76 
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TABLE V 

STRUCTURE REPRESEN TING- PLYMOUTH BREAKWATER 1 OUT 
Iteport of vertical fiic fiom. 13-moU lnnil sorwco Mortal*, at 900 j ml*, on iln, 
2nd of July, 181.8 


! 

Charge 

Elevation 

Ponctiation 
in eaith 

Points stuiuL hy tin, shell 

|it not til! 101! 
tn bottom of 



min 



it in- 


3 5 0 


30 


41 yds oioi casemate, 11 ft west 

ii l 

2 

8 3 0 



0 o 

33 ydg/Soit, 45 ft nest 

7 1 

3 


68 

“ 


H lVft'iicstVfl ^fiom pfnpa STM 

8 in fiom bottom , '•hell Inohi, up 
made no liulrut 


4 

3 3 1 



2 3 

25 yds sboit, 1ft tin cast 

1 1 

5 

3 3 8 

50 

15 

8 3 

Struck on tlio loof, rt ft fiom iiropei 
light, and 7 ft funn fiont Oiutu lit 
by 4 ft , 24 ft oast of lino 

1 4 


3 3 0 

B9 

27 

1 5 

20 yds ovei,03ft wost 

2 t» 


a 3 s 

68 

45 

2 e 

10 yds short, 20 yds oast 

3 7 

8 

„ 

08 

47 

3 0 

18 yds short, 27 ft oast 

4 7 j 

a 

3 3 0 


21 


3 yds short, 18 ft east Hit tho brick 
i\ oik ill icai of clamp wall 4 ft fiom 

3 ft by 1 ft 0 in , S sliell ^obuundtd 
31 yds 

j 

10 

• 

58 

45 

- 

Hit fnoo of tlio adjacent casemate 0 ft up 
and l ft oast of ccntie lino on 31 bolt ,| 
shell In oim up 

i 

n 




1 2 

48 yds oici.73 ft cast 

2 1 

12 

„ 

60 

0 

4 3 

41 ft, short, on lino 

5 i 

13 i 

„ 

50 

15 

3 G 

44 ft. short, 41 ft cast 

1 7 

14 

„ 

50 

0 

4 6 

21ft Short, 14 ft. east 

6 7 

15 

3 8 10 

BO 

80 

3 0 

23 yds ovei, 4 ft cast 

l 1 

10 

8 3 0 

50 

J 

1 1 

Struck on tho lOof 14 ft fiom right, 10 ft 
from fiont 

2 2 


Two 111 o shells, with a tasting olmige of 10 Bibs of powdoi, ivoio used ns follows — 

No 6 shell was dng out and a live shell inset ti,d In Its placo, 11 feet a Inches fiom light, 10 feet 
from front, and filed by magnetic tube Oiatoi 13 feot 0 inches east and west, 11 foot 0 Inches 
south-west Depth 3 feet Edge of orator 0 feot fiom fiont and 0 foot from light l'ho spllutoiH 
did not innga any distance The earth tlnown up fell hack again chiefly into the oratoi and on 
the roof The hm at had no effect on the Interior of tho casemate 
No 10 shell was dng ont and a livo sheU inserted In Its plaoe, end filed hy magnetic tube 
0i aten 0 feet east to west hy 10 foot 8 Inches north to sonth down to concrete, laying It hai o for an 
nrea of B feet 6 inches, Depth of ciatci 2 feet 6 indies Seveialpiocesof Bholl In hole , contioof 
crater 13 foot 9 inches to right, 11 feet to fiont Pieces of sheR had a Bpread of not more than 000 
yai ds Inside oosomato no effect whatever 

Rounds 1 to B —The roof coveied with eaith and Oiled Sana hags, B feot deep over concioto 
„ a to 10 —2 feot 6 Inches of eai fh and Band hags lcmoved 
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TABLE VI 

STRUCTURE REPRESENTING PLYMOUTH BREAKWATER PORT 
Ropoil of veifcical fiie fiom 13-meh land service moitirs, at 900 yauls, between the 
7tli of July and the 2nd of Scptembei, 1868 


Round* 

Shells 

filled 

sand 

Weight 

Charge 

Elevation 

Remarks 

At 

S’ 

lbs, ozs die 

J 3 5) 


Noto —Rounds Nos C 7, 15, 70, *17, Id- 



3 3 11 

CO Lu CO 

169, 1B7, 212, 250 stiuck the top of the 
adjacent oaswnate 




to 

G1 30 

59 10 



i07 

3 ‘3 IB 

3 2 13 

to 

GO 45 

DO SO 


n 

207 

3 3 14 

3 to 9 

60 30 

09 30 


Its 

207 

8 to ° 

CO 18 

00 


20 

2Q7 

3 10 

ao 


14 

207 

2 4 0 

(.0 

1 lound (159) stiuok giauito foundation 


207 

3 1° 0 

3 2 11 

00 

Shell hioko up Ornntto slightly 
splint® cd 

30 

207 

3 2 2 

60 

1 round (195) grazed light edge of sLnic 
tmo, sllghtlj damaging lion on that 

30 

307 

3 ? ” 

CO 

1 lound (218) stiiiO. grnnlto foundation 


207 

3 2 0 

60 

1 loimd (267) stiuok loof, shell pono- 


207 



trated 8 Inches, and rohounded 

1 round (275) stiuck onsemato and sand 

298 






A live shell was exploded aftoi wards m the spot stiuck by No 267, and had no 
effect whatever on the interior of the oasemate. 
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IV — CASEMATE WITH IRON FRONT OF CELLULAR CONSTRUCTION — PI M 

This work differed in one 01 two essential features from that last dealt with 
In the first place, it did not lepresent any paiticulni Foit of 0111 defences, but 
was designed with the view of deciding coit.uii disputed questions as to tlio best 
disposal of aimoui m a plated wall 

It also had these distinctive featuics, that the mam stiuctuinl pints of the 
casemate itself foimed geneially the backing to tho fiout wall, and that it 
was a masomy casemate of neaily the oidmiuy foim and dimensions, with an 
non instead of a stone facing, lathei thqj*-a poition of an non foit 
The drawing, Plato VI, shows all thdaetnil of the constiuchon 
The iron woik occupied a fiontage of 28 ft , and was 12 ft m height The 
face of the woik was vertical It stood upon the giamto that foimed tho low ei 
couisos of the expel imental casemates tiled m 1865 
Tho mteivals between the guns of a woik aftei this design would be 24 ft , 
12 ft of this being occupied by the piei 
It contained a port suitable for guns mounted on oidinary casomate carnages 
The dimensions of the poit admitted of a 9-in 12-ton gun being elevated 9° 
and depiessed 5°, or of a 10-in. 18-ton gun being elevated 6° and dcpiesscd 5°, 
while the foimer gun could bo tiaveised 67° laterallj , and the latter 66° 

The struotuie will be best described by commencing with the interior of tho 
woik, and pioceeding outwaids to the front wall 
The mam piei, monsuung 12 ft acioss, 8 ft m doptli, aud 7 ft 9 in m 
height, with the leoi angles cut off diagonally to give loom foi the latcial 
tiaimng of the gun, was composed of buckwork m Poi tland ccmont to a hoigkt 
of 3 ft 9 m nbovo the floor levol, and of Poitland cement concrete above that , 
all being enclosed on the sides and rear in a casing of ~m non plato 
Tho othei piei, which, to siut the site and adjacant woik, was of uregulai 
form and half size, was similarly constituted as to masomy filling, but tho 
casing was of A-m boiler plate 

Fiom tho mam piei to the old buck piei m ioai, which formed pait of the 
ongmnl cxpcumental casemates, a veiy strong box gudoi of special foim aud 
constiuction was thiown at a slight incline upwaids to the leat, and Itom this 
sprang the 18-m brick arch, with a span of 20 ft , which, with tho ooncroto 
filling to an avetage depth of 3 ft ovei the ciown, formed the root of the 
casemate The other spunging of this main aich would, m an actual woik, be * 
fiomasmnlai gudei, but m this paitieulai caso it spiang fioin a brick wall 
foimmg the othei side of the casemate 

Tho front of the mam aich was gradually l educed to a span of 12 ft , the 
crown loweiwg fiom 11 ft to 0 ft above the flooi It was lined with a stiong 
hood, formed of §-m. plate, springing from the top of the sides of tho piers, aud 
tho hood was stiffened with T and J_ irons on its upper side. 

In iear of the left-hand pier a powder lift was foimed thiough the aichmg 
and loot, to lepresent nearly the anangement that would exist m an actual 
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Tlie cellulai stiucture forming the backing of the fiont wall in the space 
12 ft wide and 9 ft high between the pieis, and in the centic of which the 
port was made, was oomposed of veitical built-np nbs and l— l lions, occupy- 
ing a thickness of about 14 in , attached to a 2-in plato (mote fully dcscubed 
heieafter) on the fiont side, and a f-in skin plato on tho ieai side, this cellulai 
space, 14 m through was filled with Poitland cement conciete 

At a distance of about 5 m in real of the above 3-in skin, anothei skin £-in 
thick was seemed to the real flanges of the veitical nbs of the collalar stiuc- 
ture, foi the purpose of ooveimg the nuts of all aimoui bolts and generally 
catching splinters 

In tho hoaitof the cellular stiuctmS' ovei tho poit, at 7 It 6 in above the 
floor, there was inserted a horizontal beam ot solid wiought noil, 6J in by 6J in 
in section and 15 ft long In the flooi, immediately undei the collulai stiuc- 
ture, there was another wiought-uon beam, 12 in by 3 m in section and 8 ft 
long 

To these beams were seemed, by means of turned ends ot feet, two massive 
upnghts of wrought-iron^m section 13 m by 9 m , and 9 ft high, standing 
2 ft 6 in apart, and foinnng foi a part of thou height, the two sides of the 
poit Into and between these, again, weie framed two honzontal pieoos, 6 in 
by 7 in in section, and 2 ft 8 in long, to foun the sill and lintel of tho poit 

Proceeding now to the composition of the compound armour ovei tho entile 
front, it may be thus described — 

Over the whole front, next to the buckwork and oonotete filling of the pieis 
and the cellular strnotuie about the poit, and bioken only by the poit stifieneis 
lately described, there was a 2-in skin, composed of laige plates running hori- 
zontally, and makmg up the height of the front m foui widths Ovei a portion 
of its uppei part, as shown in the drawings, this skin leceived further suppoifc 
from behind by means of wiought-uon biaokets oi stiuts, and immediately 
behind its top edge it was fuithei suppoited by a plate, 16 in by 2 in , laying 
flat on the tops of the stiuts with its edge against the skm. 

Commencing at the pioper light end of the fiont, theie was an 8-in plate 
standing vertically, 12 It 8 in high and 4 ft 3 in wide, seemed m fiont of and 
immediately m contact with the 2-in skill, by means of 10 long 3* m ai.nom 
bolts passing thiough tubes in the piei to the loai side, whoie they weie nutted 
The object of the tubes just mentioned was to admit of the fiont aimoui being 
applied at any time subsequent to the erection of the pirn, if necessary It may 
he mentioned, by tho way, that those holts that camo opposite to tho back of 
the piei weie carried quite thiough the easing, tho nuts and washers being 
enolosed by an extra $-m plate m real Those that camo opposite ihe diagonal 
sides stopped shoit inside the cosing, and theie were hand holos foimed to get 
at the nuts This solid 8-in plato may be considered as the standaid, in legaid 
to weight, for the armour and cellulai backing of tho lest of the fiont, as m all 
oases the front plate and its immediate iron backing wore made togethei equal 
to 320 lbs per foot supeifioial, which was the weight of tho 8 m solid aimoui. 

Next to the solid 8-in plate there was a 4§-m veitical plate, 12 ft 3 in high 
and 4 ft. 3 m wide, backed by channel irons stiongly riveted to the 2-m skin 
on the solid pier, and so disposed as to give an equivalent m weight to a solid 
3J-m. plate. Thus the 4J-m. armoui, with its backing, made up the weight of 
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metal in the 8-in solid plate In this prut theio lien: 10 2\ in nimiiui holts 
tu ranged much as befoie 

Next to this came tluee 6 in nrmorn plates, all 10 ft 1 ill long aiul 1 It 1 m 
"wide, placed houzontallj, bached by luiu i budgo mils, called souk linns 
“ hollow stnngeis,” placed iciticnll> 'llicsc mils equalled in weight a solid 

2 in plate, and, theiefoio, 111111 the 0 m nimoui, ivcic cqun iluit to ' lie. helot c- 
mentioned stnudnid 8-m solid plate Ovei l poll ion ot these pi efts the* 2 ill 
skin was bached cithei by the piei oi the concictc tilling ot the mol Out the 
lcmaindei it was bached by the ccllulai stiucluie filled with eoucicte as hi foi o 
descubed These plates also at oneyncl nuie backed by tile solid poit 
stiffeneis They wcio held by 2vin tfihnoui holts 

To the left of the poit theie was a 4-m loiticul plate, 12 ft 3 in by 3 ft 4m, 
backed by chnnnel-nons of tho same dcscnptwn as befou, only placed closel 
togethei, so ns to equal in weight a solid 4 m plate, thej, thuetoic, v ith the 
fiont aimoui, equalled the standaid as betoie One edge f f this plate was on 
the poit stiffener I he aimoui bolts iieio 2\ in in diamctci The lowei pai t 
of the plate was on the cellulai struetuio, the upper pait on the coneicte 
filling 

On the left of all thole was a 4-m-plate standing yeitieally, measiiiing 12 ft 

3 m by 5 ft 2 in , and held by 2-fc-in bolts About 2 ft of the nglit-hand sido 
of this plate was backed by chanuel lions, arranged exactly as in the last ease, 
and part of this 2 ft was on the cellular stiuctiue, part on the piei , foi the 
remaindei of the plate there was nothing but Portland cement conoiete between 
it and the 2-m skin, which was backed by tho piei This pait was soaicely 
intended to ooinpaie with the remaindei of tho front, hut it was useful as it 
turned out. 

As legaids the armom holts, theie were about 87 in all, of which about 46 
weio leduced for a part of tho shank to the lesser diametor of the boiowed 
part, on Major Palhser’s plan The romamdei wore not so leduced, and weio 
of the oi din ary make. The heads of all weio made by upsetting 

All the oidinaiy bolts that passed thiough the cellulai stiuotme were fitted 
with hexagonal cups and elastic washeis undei tho nuts , tho rest had simple 
plate washeis 

The cellulai spaces between the nons at the back of tho aiinour plates, oyei 
the eutue fiont, weie filled with Tnnidad pitch 

In older to distinguish between all the vaiioties of constiuction adopted in“ 
the fiont of this ivoik, its surface was, foi the puiposes of the experiment, 
subdivided into icitical sections, maihed A, B, C 1 , C*, D, and E respectively, 
which lettenng will bo found on Plato VI 

They were as follows — 

Backed ly the Piei s 
A 8 inches of iron ae a solid plate 

B 41 inches as plate on channel lions, equivalent to 3i mohes of solid non. 

C>. 6 mohes as plate on bridge rails, equivalent to 2 mohes of solid nan. 

Backed ly the Cellular Wall. 

C . 6 mohes as plate on bridge mils, equivalent to 2 inches solid 
D, 4 inches as plate on channel irons, equivalent to 4 mohes solid 
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Backed paitly by Cellular Wall and paitly by Pier. 

E 4b indies as plate on channel lions, equivalent to 4 inches solid 

The left-hand pait of E section, foi a width ot 2 ft 9 ins , was backed by 
Portland cement oonciete only in the 7-in space between it and the 2 m skin 
The guns selected for the trial were as follows — 

Natui o 

7-in nfled, muzzle-loading 
9-in lifled, muzzle-loading 
10-in irfled, muzzle-loading 

Oocasion was also taken to flie one lound fiom tho 12-in gun, and two rounds 
from the 15 in Rodman gun, with full chaiges, as given befoie, in the tual of 
the stiuctuie repiesenting Plymouth Bieakwatei Fort 

The guns weie all placed at 200 yards Full battoimg charges weie geueially 
used 

The Committee was composed of the same membeis as in the case of the 
tual of Plymouth Breakwatei stiucture 
Accoiding to tho piogiamme, it was decided to commence the expenmont 
with a round fioin each natuie of nfled gun at each section of tho fiont , then 
to follow with a scueB of solid shot fiom tho Bame guns , nlteiwards to lepeat 
such lounds as had not given definite results , and lastly, to file such additional 


rounds as in the course of the trials should appear desirable 

The rounds fired weie as follows — 
Gun 

Shat 

Shell 

7-meh . 

5 . 

7 

9 „ 

7 . 

.. 7 

10 „ 

6 .. 

7 

12 „ 

1 


15 „ 

2 






21 

21 

Total 


42 

Table VIII shows the entne piactice dining tho experiment. 


■ Table IX gives an abudgement of tho piactice 

Table X gives at one view the penetiation of the various piojectiles m 
diffeient paits of the fiont 

It is almost unnecessary to add anything to the information contained m these 
Tables and the Plate, but, adopting m a gieat measuie the Repoit of tho 
Commtttee, the following observations may be useful — 

Extei lot of the JPi ont after Pi actico 

At the conclusion of the practice, the appearance of the fiont of the work 
was not much altered, except at the shot holes and then immediate vicinity 
The aimoui plates were ot veiy good quality, and had suffeied hut slightly from 
cincks, distoition, oi bulging, and the bolts of all kinds stood well. Only 10 of 
the lattei wero broken out of a total ot 87. 


weight . Charge Weight ot 

Piojectilo 

Tons lbs lbs 

7 . 22RLG 115 

,12 ... 43RLG 250 

13 60 RLG 400 

„ . 48 R L G 400 
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Interim of the 1 foi h after Pi active 

In the mtenoi of tlie woilc the piei s wore considerably shaken, clueflv fiom 
the explosions of the 10 in sholls inside them They wcio bulged, and the 
rivets of then joint oovemigs sheaied otl on tlio sides next tho poit The limits 
of the left pioi had also opened out, and tlio eoneicto it contained was driven, 
through the opening, into the cascuinlo in a puli oiised state 

The eellulai wall containing concictc between the jncis w as destroyed in leal 
of the paits stiuck by lotrnds 15u9, 1546, 1516, 1558, and 15G1 , ami tho back- 
ing, with fiagments of the projectiles, -was duven destiuctivelv to the rear 
The inside skm or mantlet of ^th-mclf non being found veiy objoctionablo, 
from the mraieipus uvets duven Irom it by each louud, the gieatei pait of it 
was removed before the completion of the piacticc 
The powei of the Rodman gun was so lnsigmhcant, moiely producing inden- 
tations 4 3 and 7 7 inches deep and about 17 indies m diameter on tho face of 
the work, without exeiting any noticeable lacking effect, that only two loundB 
wcie fired fiom this gun 

Fiom the Tables it will be found that the penetiations of the piojcctilcs of 
all natures weie le«s on tho A section than on any other pait of tho fiont , and 
this supeiionty of resistance on tho part of tlio work faced with the solid 
aunour was more maiked in the case ot the 10 in shells than in tho cases of 
the smaller piojectiles 

Compai ison between the Two Systems of Stringers 
Sections C 1 and O appealed to have a slight advantago ovei tho B and D 
sections m lesistanee to piojectiles fiom the 7-in and 9-in guns , that is, to 
rosist these guns, the arrangement of 6-in armom on 2 inches as stnngcrs n us 
better than 4^ inches as armom on 3J inches as stungeis But in the euso of 
the piei supporting these two systems, tho B anangement was superior to tho 
otheis in lesistmg the pcnotration of the 10-in shot and shell 
Resistance of the Wall betneen the Piers 
In the ease of the wall, the diffeieneea of penotiation of tho 7-in and 9 in pio- 
jectiles was not great, and both systems may he consideied as affording sufficient 
protection against these two natm es of projectiles, foi though one 9-in shot (round 
15595, striking the D section where the backing was mjuied by ,1 pieuous- 
round (1546), passed through the wall, yet two othei 9-m shot (founds 1550-C), 
sticking on the wall at C* section, dose to the junction of the wall and pier, 
and two 9-in shells (lonnda 1540 1560), stuking fanly on tho wall (at D and 
C» lespectively), failed to peifoiatc it. 

The 10-in shot and shell, howevei, passed readily through the wall at both 
sections 

Relative Resistance of Wall and Pier to 7 and 9 inch Pi ojeatilcs 
On a comparison of the relative lesistanees given by tho wall and pieis to the 
penetration of 7 in and 9-m projectiles, it will be found that, generally speak- 
wall th6y 1)GI1Gtiatcd deepor m tlie Btlu °tuie suppoited by tho pieis than in tlio 
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R elatne Value of Buck m Cement, and Concrete m Cement as fdhng 
for the Piei s 

The lowei poi tions ot the iron-cased pieia of tlie work weie composed of 
brick in cement, the lemaindei of conciete in cement The resistances of these 
poitions to penetration weie vciy neatly alike Thus, on E and B sections 
(nearly similai) — 



Port Stiffeners 

Two rounds (10-inch shot battenug chaigo and 12-mch shot battering charge) 
weie died at the poit stiflcneis One onlj stiuck, and glanced off without 
taking full effect on the position intended, so that the resistance of those 
stiffeneis cannot jet be stated 

Effects on the Arch of the Casemate 

The brick arch of the loof of the casemate was slightly shaken at the conclu- 
sion of the piactice, but was otheiwise unin piled Little duect file had, how- 
ever, been sustained by the poition of the fiont against which the aick abutted. 

Effects of Vertical Fite on the Roof of the Casemate 

The roof of the casemate was coveied with earth to a depth of 4 feet over and 
above the coneiete-illling ovoi the mown of the bnok arch, and was subjected 
to the test of veitical file from a 13-inch mortar at 900 yards lange, fired at 
00° and 70° elevation. 

The loof was Btiuck nine times 

The shells, which weie filed, woighted up with sand and plugged, owing to 
the danger attending the use of live shell, penctiated m every instance to the 
concrete, which in some cases appears to have been slightly indented The 
earth was, however, loose, and paitially filled in the mater foimed by the shells, 
as soon as made 

Comparison of the Part without Sti mgei s with that Portion having Stimgers, 

The propel left of the fiont, foi a width of 2 feet 9 inches, had no stimgers 
between the 44-mch armour and the 2-inch skm, the mteival between these iron 
surfaces being filled with concrete only. Two 10-inch shells weie fired at this 
poi tion. One penetiated 58 inches and bulged, hut did not open, the casing of the 
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pici m real The second penetrated about 72 inches, and split open the a inch 
lion ensmg of tho piei, and diove out the concrete 

About the sumo depth of penctmtion was attained by a similar shell in the 
C 1 section of the east pici, rvhcio thcio weie stnngus between tho C-inch 
armoui and the 2-mch skin , tho pioi itself, w Inch had a ^-mch non easing, 
was bulged, but not opened enough to let out the coiicicto In this c.eso 
it would appeal that the stnngors did not add much to tho lisistaneo to 
peuetiation. 

Genet al Conclusions 

The following conclusions weie drawn ify tho Committee, from tho result of 
the piactico against the casomate — 

That 8-inclv solid plates on a 2-ineli skin and concieto hacking, offuod hettei 
resistance to piojectiles of all calibies than the same quantity of non arranged 
partly as plates and paitly as stnngors m rear of the plates, suppoitcd by a 
sinnlai booking 

That of the two systems of stringers expenmentod upon, neither form ex* 
hibited any decided relative advantage 

That Portland cement concrete, when used in largo masses, as in the case of 
piers, should he subdivided into compartments, so as to localise and limit the 
destructive effects oaused by the explosion of Bhells As a material for backing, 
concrete may be considered sufficiently yielding to affoid relief to the bolts, and 
to protect the aimour plates from the distoitiouand buckling usually observable 
in ngid stiuetuies 

That, although the cellulai construction adopted m this casemnto did not 
sufficiently develop the advantages that may he denved from tho employment 
of conorete as a hacking, the Committee weie not satisfied that such a combina- 
tion will he found at all pieferable to one of iron with wood backing for tho 
thin walls between the pieis of such oasemates 
That a fixed non seieen or mantlet is a souioe of danger, and Bhonld not bo 
employed 

That the system of building in tubes in the concrete backing foi the leoeption 
of holts is appaiently satisfactory. 

Results of the Experiment 

Speaking generally, it may bo said that this experiment decided throe mom 
questions — 

1st — That the compound constiuction of plate and stringer offers no advan- 
tage, as regaids penetiation, ovoi the solid plate-upon-plate Bystem 
2nd — That a given quantity of iron m a cellular wall, does not affoid greatei 
lesistance to pointed shot than the same quantity of matenal disposed m heaiier 
masses , also that the cellulai constiuction has no advantage as legnids cost to 
compensate foi the inconvenience of its gieatei bulk 
3id —That if the pieis foiming pait of the main stiuctuie of the casemate bo 
employed also as backing to the front armour, they must be made thoroughly 
seciue against the action of shells. 
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SHIELD EXPERIMLN 


V,— Gun Shield made at the Millwall Iron Works — rL. VIi 

Before commencing the teohnical description of this shield, it nmj be well to 
give some account of its ongm and giadual development 

As originally designed by the Millwall lion Company, in 1BC1, it was to 
consist of 61-in fiout aimoui plates, backed by lionzontal budge mils 7 in 
deep, attached to n double skill composed ot two j-m plates, to tho lear ono of 
which weie to be uveted veitical bridge Jails of smaller section than the otheis. 
The shield was to be suppoited by stints sinnlai, in pnnciple, to tho Wai Office 
pattern The mateual thus intended fortlTo shield front would have been equal, 
in weight, to about 11 inches of solid non 

This design was aftei wards alteied, and the shield, as best made, had a 9-in 
fiont plate on the lowei holt, and a 6-in plate on the upper half, but the lattei 
was faced, over the huger pait of its suiface, with thice layers of 1-m plate 
The 7-in strmgois, immediately behind the armoui , and the two f-in skins 
were letamtd , but the rear budge lails, which befoie were shown only 8 inches 
deop, were now leplaced by 7-in iails, then ends being supported by a top and 
bottom horizontal flat plate attached to the struts The stiuts woro much the 
same as before, hut heavier Thus, that poition of the shield which was faced 
With 9 inches of armoui contained an equivalent to 15 inches of iron. The 
poition faced with 6 inches of aimoui had about 12 inches of Hon altogether. 

The weight of tho shield, as thus made, was 30 tons 1 cwt 2 qis 

la cairymg out the woik an enoi was made in tho position and dimensions 
of the poit, by which the space nocossaiy foi the tiaimug and elevation of the 
gun was seriously encroached upon 

After it had been thus completed, and when tho tuals of the shield called 
tho “ Gibraltar Shield,” alieady detailed, had taken place, tho Millwall Iron 
Company asked for permission to stienglken their shield This was gi anted, 
and additions, which will be found included in the following description! 
were mads to it The total weight of the shield was now made up to 37 tons’ 
10 cwt , the material in the lowei poition being equivalent to 23 8 inches of 
non, while that in the 6 in portion of tho uppei half was equivalent to 20 6 in 
of non By these additions the space foi the gun was still iuithei lestucted 

A description of tho shield as set up at Shooburyuess for trial, will now he 

Plate VII may also be lefeired to 

The fiont was of the usual dimensions, 12 ft 2 in by 8 ft It contained a 
poit 3 ft. high by 2 ft in width, the lower sill of it being 2 ft from the bottom 
of the shield 

The shield and port were so laid out that a 9-m 12 ton gun would tiam 
latoraUy 33°, oievate and depiess 6= A 10 m 18-ton gun would train 
31' , and depress o Q , but would not elevate at all. 

However, by lowering the laceis on whioh the gun tiamed a little below tha 
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bottom of the shield, a degree 01 two mole elevation might have been obtained, 
at the saenfice of depression 

Commencing with the fiont, there were two principal armoiu plates, each 
12 ft 2 in long and 4 ft wide, running horizontally, half the port being taken 
out of each. The lower plate was 9 inches thick, the upper 6 inches Ovei a 
portion of the face of the upper plate theie was a coveting composed of thiee 
single 1-inoh plates shghtly uveted together This covering occupied the pio- 
per light hand upper quarter of the fiont, and was continued over the port and 
a little beyond it By this arrangement it was intended to ascertain the powei 
of resistance of a 0-mch plate on the principle adopted in this shield, as com- 
pared with that of a 9-inch plate under similar circumstances, and also to show 
the effect of adding the laminated plates on the face of the 6-moh armoui 

Immediately behind the mam armour plates tliero were bridge rails oi “ hollow 
stringers,” as the patentees call them, 7 inches deep, running honzontally, 
with then heads to the front, and then feet riveted to a double skin composed 
of two f-inch plates The spaces between these rails weie filled with timbei, 
and each had a T iron bedded in the wood, with lte top membei to the front, 
so as to be in contact with the back of the fiont armour To form the sides 
of the poit theie weie two ioiged piooes about 31 inches thick, tongued into the 
back of the front armoui plates, and secured to the backing of the shield as 
shown in the di awing At eithei end of this compound mass, and at the top 
and bottom of the port, there weie angle irons fitted and uveted to close in the 
whole 

In tear of the double f-mch skin befoie mentioned, and on eithei side of the 
port, there were thiee veitical budge mils riveted to the skm, with their feBt to 
the fiont, and above as well os below the poit there wero others running hori- 
zontally The hollows of the two vertical tails next to the port were filled up 
solid with wi ought non bars 

The struts foimmg the supports to the shield wero, as usual, at eithei end of 
it, and of the usual outline They weie composed of l|-inch webs, stiffened 
with 73-in by 6-m by 1-in. angle irons They weie piotected on the front by 
21-in plates, 21m wide, and weie strongly uveted to sill pieces, 17 in. by 2* in , 
in the floor, running to the front undei the shield, and to the rear abutting 
against, and connected by plates with, a cioss beam in the flooi, 121 in by 2| m,, 
and 13 ft long 

At the top and bottom of the shield in roar, theie wero two 2 in plates, laid 
flat-ways, with then edges bearing against the skm The lower of these was 20 
inches, the upper one 16 inches wide, and to them weie riveted angle lions, 
hearing against the back of the skm and against the bridge mils. These plates 
were attached at their ends to the stiuts. 

Taken thus fill, this account descubes the shield as first completed and sent 
to Shoobuiyness The subsequent additions, already lefened to, were as 
follows — 
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In ieai of tlio mnei set of badge mils a plate 1 j inch thick w as added to all 
the centio pint of the shield, with an opening left in it foi the poll , ntt iclied to 
this, both above and below the poit, and stiotching from stmt to stmt, then 
was a soit of double-box glider, about 13 j m deep, made up of M girdeis 
with one oi more of then fiont flanges cut oft, ns shown m the plate, and 1-j in, 
plates liveted to then back flanges 

On either side of the port theie woie vcitical single-box girdeis, sinuluilj 
composed, and flamed into the double boxes On the back ot these them was 
an additional 1 m plate uvetcd, and this oiollappod the \\ in plate on tliu 
back of tbe horizontal box gliders On citbci side of the poit, and between it 
and tbe veitical boxes, there was a soit of washei piece, about 12 in wide and 
2 a in thick 

All these hox gudeis, as well as the spaces between the roar set of budge mils, 
were filled with timber 

The total weight of the shield as befoie stated was 371 tons 

The armoui bolts weie 34 in number The greater part of them woie made 
undei the patent of a Mi Poisons Then outside diametei was 3 -a inches, and 
they had conical heads, the huger diametei of which was 5 inches The head 
and shank were boied out to within a shoit distance of the thread the cross 
section of the boie being made equal to the ring ot metal cut away between 
the thieads of the sorew. The end of the bore at the head was plugged to 
make it solid again 

The object of this consti action was the same as that of Majoi Pallisor in 
reducing the shank of his bolt externally. Mi Poisons, howeiei, expected that 
the stiength of his bolt to lesist tmnsieise, and sheaung, strnins would be less 
diminished than in Majoi Palhsei’s plan 

On either side of the port theie was one hammci headed bolt, which did not 
oome through the front aimour 

It was onginally intended that, at that pait whom the three layers of 1-m. 
plate were added on the face of the shield, bolts, hollow all thiough, should be 
used to secure the 6 m plate, and that thiough these tubulai bolts should pass 
the lessei bolts to hold on the three 1-in plates The object of this was to test 
a method by which it was thought that an iron front could bo at any time 
strengthened by adding fresh layors of armour, without any gicat outlay in 
olteiations to the fastenings But this plan had to he abandoned, except in 
tbe case of two bolts, because Mr. Parsons’ principle would not admit of the 
bolts being made hollow thioughout 

The bolts generally were piovided both with wood-washeis fitted to shallow 
lion cups, and hexagonal cups with*mdm-i ubber washeis in them, 

The tnals took place at Shoeburyness, on 16th July and 22nd Septembei, 
1868 

The guns used weie the 9-m , 10 m , and 12-m rifled muzzle-loading guns, 
and the 1 6-m smooth-boie Bodman gun 

They were placed in battery at 70 yards from the shield 
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The 9-in gun fired 5 lounds, with ehaiges leduced to represent full battering 
tliaiges at a lange of 400 yaids, and 3 lounds with full battenng ehaiges. 

The 10-m gun filed 1 lound with a charge to lepiesent 400 yaids, and 2 
lounds with full battering ehaiges 

The 12-in gun filed 4 rounds with ehaiges to lepresent full battenng 
ehaiges at 200 yaids 

The Rodman fired 1 lound with a charge of 60 lhs English powder to repie- 
sent 60 lhs Atnencan powdei, and 1 lound with 83f lbs English to represent 
100 lbs Amencan powder 

Theie weiethus 17 lounds in all? not counting a 10 in. shell and a 9-in shell 
which biolce up m the guns, fragments only striking the shield 

Putting, foi the piescnt, out ot the question altogether the ladioal defects in 
the laying out of the shield, and dealing only with the actual lesistanee it 
offeied m the tnol, it must be admitted that it was moie than a match foi the 
guns 

The Committee, composed as for the iron casemate trials, said m their lepoil, 
that at the end of the that day’s firing, that is, aftei 13 rounds fiomthe 9-in , 
10-in , and 15 m guns, tlio shield was in a perfectly serviceable condition, and 
complete penetiation had not been effected Aftei the second day's piactico, 
when the 4 lounds fiom the 12-in gun had been hied, they said that on the whole 
the lesistanee of the shield, even against the 12-in gun, had been satis factoiy 

Speaking of the front of the shield, after the fiist day’s firing, it was found 
that the gieatest penetiation effeoted on a sound spot was 22 in (Round 1 594 ) 
At this lound the 9-in aimoui plate, which at a previous louud had commenced 
to sepai ate into two 4} m plates, was now split into halves foi the greater 
pait of its length, these halves sepaiahng again in places into 2} m plates 

In leai, the damage was descubed as follows — 

One bolt (No 5) duven out and projected 10 yaids to the leai Two hammei- 
headed bolts driven back) seveial of the enp washeis bioken, the angle non 
of the stiut on the right side, and of the base plate, ciaolced , the plate below 
the poit slightly bulged, and seveial uvet heads sheaiod off 

The hollow bolts gave the Committee entne satisfaction, the unusual weight 
and solidity of the shield being, howevei, m then opinion, gieatly m favoiu of 
the fastenings 

Aftei the second day's practice, the Committee lepoited that the object of 
this fuithei trial was to test the lesistanee of the construction against the 12-m. 
gun of 23 tons, especially in the neighbourhood of the ports , and, with this 
view, two 12-in Palliser shot were fired, one at eaoh side of the poit, and so 
dueoted as to hit at about 12 m from the edges, where, owing to the splay of 
the port necessaiy to allow foi tiaveising, the stiuctuie did not derive imme- 
diate suppoit fiom the non hollow stringeis in real Although the fiist lound 
(No. 1596), whioh stmek so olose to the pioper left edge of the poit, did con- 
siderable damage, the effect was not gieater than was to have been anticipated 
under such circumstances 
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The injuries produced by this day’s piactice will bo seen m the detailed 
leport of lounds 1696, 1597, 1698, and 1599. 

As the results of a trial of this nature aie intelligible only when put m oom- 
panson with otheis obtained under similai cncumstnncc«, lefereneo should he 
made to the repoit of the trial of tho target repiescnting 11 M S 11 Hercules,” 
at hei water line, paitioulaily the thud lound, with chilled shot fi om the 13 inch 
gun, (p 125, Volume xvi of these Papeis), lemembeiing that that tin get con- 
tained by weight, per foot superficial, only about two-tliuds of the present one 
Also, the effeots may be corapaied with those produced on tho 20 inch portion of 
the Plymouth Breakwatei target already popoi ted m this paper, the grnitci 
part of the present shield exceeding by weight tho strengthened portion of that 
target There has been ns yet no other shield tried m this countrj w Inch, 
either in respect of cost or quantity of mateual employed, can, with any fairness, 
he compaied with the present one 

Speaking of the defects in tho laying out of this shield, as aheady noticed, 
the Committee considered that the port did not admit of a sufficient amount oi 
tiaming and elevation foi piactical purposes. 

To collect this, it would he necessary to enlarge the port, place it higher up 
in the shield, alter its splay, and otheiwise modify the ccntial parts of the shield, 
as well as the struts; m doing which, a somewhat extensive departure fiom 
the present design would he involved 

In this new of the matter, and looking to the quantity of perishable material 
used in the construction of this shield, it is to be feaied that tho experiment will 
not of itself afford the means of determining the best construction tor tho gun 
shields of the future 
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VI —Iron Concrete as a Backing Compared with other Substances 
Soon aftci the expel iments -with the Plymouth Fort structure, already 
described, the want of moie information than we then possessed, as to the 
lelative value of different matenals for the purposes of backing to nrmoui 
plates, came to he stiongly felt, and this necessity was the moie apparent as 
the great advantage of lnhoducmg other substances between the layers of 
aimoui m the “ plate-upon-plate ” constiuction was brought to notice. 

Accordingly, aftei some preliminary tuals on a miniature scale, it was deter- 
mined to have an experiment to settle the matter completely 

To avoid the delay and expense of Electing an entuely new taiget, advantage 
was taken of an 11 on-plated wall which bad been set up at Shoebuiyness, m 
18G4-5, but which, for one leason 01 anothei, had been veiy little used 
This struotuie may be thus described — 

A masonry wall, 12 ft long, 10 ft 6 in high, and 10 ft thick, was built of 
six couises of granite blooks, 7 ft. and 5 ft deep alternately, backed by buck- 
work in Portland cement 

Into this wall were built some long 2$-in tie bolts, which, by the way, were 
so oontuved that, so long as they weie not wanted, they could lemain entirely 
embedded m the masomy, but, when occasion might require, they could be di awn 
out to the fiont for a length of 12 inches 
Against the face of this wall, and about 4. in flora it, were set up, veitioally, 
four box gudeis, 3 ft 9 in apait from centre to oentie, each 11 ft 6 in long, 
7 m deep, and 10 m wide They wore strongly made of f-ra plate and 
angle-irons 

Each girdei was hold back by thieeof the 2$-m tie bolts alieady mentioned, 
which, being di awn out fiom the wall and passed through the gliders, weie 
nutted on their fiont Bide 

In front of those gliders, and at a distanoo of 4 inches fiom them, weie set 
up thiee tiers of 4£-m aimour plates, each 12 ft long and 3 ft 6 m wide, thus 
making the fiont 12 ft long and 10 It 6 m high 
Each plate was held by eight 23-m bolts, which had conical heads in the 
armoui, and these, passing through the veitioal box girders, weie nutted at the 
back of thorn, that is, between the gudeis and the masomy 

Thus the aimoui was secuied by a set of short bolts to the box gudeis, 
which were themselveB held to the masonry by the long tie bolts 
Lastly, the 15-in space between the aimour and the gramto wall was, at the 
time of election, filled with Poitland cement concrete. 

•To piepaie this target foi the experiment now in question, the Portland 
cement oonoiete backing was lemoved from behind thetwouppei armour plates, 
and m this space weie mtioduced, as sepaiate backings, the following sub- 
stanoes — 

1st. — lion canoiete, composed of 112 parts by weight of non boungs, 42 of 
asphalte stone, 42 of bitumen, and 7 of pitch 
2nd — Teak in two layeis 
3rd. — Stafford blue bucks set in asphalte, 

L l 
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4 tli —Stock buck walk set m Poitlund cement 

Thu old Poitlund cement conciete left behind the luwei aimoui plait burned 
the fifth substance foi compausou 
The piactiec took place ou the 15tli Jauuan, ISb 1 ) 

The gun used was the 7 -m M L iijhd gnu at TO vitds, mth h lb 15 lb , and 
221b cbaigcs ’table XIII shows the icsulN An e\ imtuurimi of (he ettec ts will 
show that the Poitlund cement conciete hiuking gate lathu the best uppmt to 
the aimoui in this tnnl , but, then, it must be lenumhcml that this concrete 
lmd had tom yeais to set, and the olhiu m.iltu.ik win. ipnfe Ircsh The non 
concieto resisted neatly as well us the Poitlund cement iniuitU ns lcgiuds 
penetration, aud was vcij little diatuibedtiv timi shots m n small space 
Tho l esi stance of the Staffoidshueblui biiclisiii asphalte was my neatly equal 
to the noil conciete, and it was not much biokcn 
No reliable lesnlt was obtained with the stock buckwoik m Poitl itul i uncut, 
and tho teak was decidedly mhnui to the Slattoidslmo blue bucks lu asphalte, 
and, therefoie, to tho non conciotc and the Puitluid cement conciete 
The result also showed that this method of piotccting niasunij walls by 
moans of annour plates, with an inteival behind them filled with some modei.itely 
haid substance, is likely to piovc vei y sueeesslal 
The effect upon the fastenings was veiy satishictoiy, not a single bolt having 
been broken duung the tuals Tho plates also stood uiy well It may be 
mentioned that on a subsequent occasion the Poi tland cement concrete was re- 
moved from behind the lowei plate, and a backing of non conciete made with 
gas tar only instead of asphalte, foi cheapness sake, w is insetted in its placo, 
and neatly as good a lesult was obtained as with the asphalte and non On 
this oooasion tho 7-m. shot, filed at 70 yaids with a 15 lb chat go, pcnetiatcd in 
one lound (1,704) 15 2m, and m another louud 0,703) 22 in , against tho pene- 
trations of 13 5 in and 18 5in m lounds 1,808 and 1,613, and the gas tai concieto 
was not much separated or cracked in eitkei round 

Taigeta on the “ Wat nor" and “ Chalmm t, " pi mciplas, and non conciete 
as lachmq 

The next opportunity of trying the effect of non concrete as a backing to 
armour plates occuued, somewhat mdueotly, in connection with two huge 
targets set up at Shoebuiyness, m tho beginning of I860 

Tho ougmal intention of these targets was to afford tho means of deciding 
some questions affecting the manufacture of Palliser chilled piojcctiles, hut 
the opportunity was taken to institute a oompauson between the late Mi 
Chalmers principle of constiuotion, and that of an oidmary aimour-clad ship 
with simple timber backing 

The entne fiont to be experimented upon was 40 ft long and 0 ft high Of 
tins, a 25 ft length was tho oounteipait of the target, sot up in 1806, to test 
thp value of tho Palliser piojectiles It is descubed at p 131, volume XVI of 
these Papeis, as being composed of 8-in. aimoui plates, backed by 18 in of teak, 
on a B kin and ftaming similar to that of “H M.S. Wamor,” except that the 
libs weie placed at closei intervals 
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It is this taiget which ou the foimei occasion proved to be, as intended, so 
nenily a match foi the piojcctilcs fiom the 9-in gun of 12 tons, at 200 yaids, 
with batteung charges, as it just lot thiough the shells and stopped the shot of 
this gun, when filed duect 

The picsont taiget has pioved to be of the same strength, nsneaily as possible 
The remaining 15 ft of the fiont was devoted to the “Chalmeis" constiuction 
This may bo descnbed as composed ot i * m. fiont aimoui plates, with a com- 
pound backing, on one half of the taiget 10 m thick, and on the othei halt 
134 in thick, made up of honzontal gth-m lion and steel plates, 3f in apait, 
with teak between them The layqjs of this backing were held together by 
vertical lj-in uvets, about 14 in long Behind this compound backing came 
the nitei mediate aimoui plate, 2 m tluelt, the alternate plates of this being 
made of steel and iron Beinnd this was a cushion, in one pait 0 in deep, in 
the othei 9£ in deep, composed of timbei planks and § in angle lions and bais, 
running houzontally 'lhe angle lions of the cushion were riveted to the J-m 
skin, which was suppoited by ribs, 7-in deep, at 1 ft 9 in inteivals Thus, 
wbat with the diffeience in the depth of the compound backing, and the use of 
steel for some of the plates of this backing and foi half of the 2-m inner aimour, 
this target really piesented 8 diffeient consti uetions 

However, theie leallywaBnot so very much diffeience between them as 10- 
gaids stiength, and veiy little indeed as legal ds weight , it having been specially 
provided that this taiget should weigh pei toot supeifioial the same as the 25 ft 
length alieady descnbed The weight of both was as nearly as possible 510 lbs 
pei ft. supeifioial of the fiont piesented. 

It has been already stated that the 8-m “ Wamoi” poition was neaily a match 
foi the 9-id projeotiles at 200 yaids 

It is not intended to give the detail of the practice against these taigets 
It will he sufficient to say that on the flist day’s tnal — 4th Febiuaiy, 1869 — the 
mfenonty of the Chalmeis’ construction was shown in so unmistakeable a 
maunor as to lender fuithor companson quite unnecessaiy The shot and shell, 
(rounds 1,019, 1,620, 1,610, 1,611, 1,642, and 1,644,) that could barely get then 
points thiough the skin of the one, passed completely thiough and through the 
othei, in whatever pait they hit, (lounds 1,616, 1,617, 1,621, and 1,622 ) 

As the “ Chalmers” taiget was thus pioved to he useless foi fuithei companson 
m its own piopoT condition, it was pioposcd to turn it to some useful account m 
testing tbo qualities of non aspbalte as backing Accoiduigly the lower plate of 
this taiget, which had not been fiiod at, was taken off, the compound backing, 
1,0 in thick on one halt and 13 j m on the othei, was removed bodily , iron oon- 
ciete, composed of 46 pci cent, of cast-uon turnings, 46 pel cent of aspbalte, 
and 8 per cent of tar, was mseited in its place , and the aimoui plate bolted on 
again. 

The result was that the poition of the taiget which had the deepci mass 
(134 m ) of lion concrete successfully resisted both the shot and shell (lounds 
1,660 and 1,665) from the 9-iu, gun at 200 yaids, which before had passed so 
easily thiough the taiget, the shell just showing its point through the slun, the 
shot stopping 2 in sboit of tho skin. The poition on which the backiug of 
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iron concrete was only 10 m deep let both shot and shell, (lounds 1,602 and 
1,667) thiougk the taiget, but it must bo absolved that the velocities wctu on 
tins occasion higher, in the proportion of 1,300 and 1,304 to 1,282 and t,2f»{, 
than when the “ Chalmeis" hacking w ns tiled Some shells weie aimed to stuku 
the target obliquely, but they hit wlieie no ichubic icsult could bo obtained 
Howevei, the experiment conclusnelj pioved tbo lion concietc to bo rcry much 
superior to timber and plates combined as a backing in one instance, and quite 
equal to, if not bettei than it, in the other instance 

TARGETS COMPOSED OP THREE O-IN FLIT 118, WITH IRON 
CONCRETE BETWEEN TIITM 

Fust Target 

In paper XV of last yent’s volume (1869) an account was given of the experi- 
ments beai mg upon the uso of “ platc-upon-plato ” construction foi armour, ns 
distinguished ftom the “solid plate" sjstem On that occasion, ns well as m 
the de8cnption of the trials of the Plymouth Breakwater Foit stiuetuie, in an 
easier pait of the present papei, it was Bhown that three 5-m plates in contact 
aie capablo of offoi mg better resistance than a solid IS in plate. It was also 
said that much advantage was to be expected fiom the separation of such 
plates, and the introduction of some sort of concrete between them. To deter- 
mine this point, the following experiments were sot on foot : — 

Fust, a small target was made out of tlnee pieces of S-in armour plate, mea- 
suring repectively 5 ft by 3 ft 9 in , 5 ft by 3 ft 3 in , and 7 ft 6 in by 4 ft 3 in. 
These were set up, one behind the othei, in the oidei in which they aie men- 
tioned (the last named being the fiont plate), with mtcivals of 6 m between 
them. 

They weie held togethei by six aimour bolts, each 32 in long, soiewed at 
both ends The outside diametei of the thicad of these bolts was 3 in , and 
their shanks were leduced to 2 8 m 

The front end of each bolt was provided with a sphorical nnt, which fitted 
into a. cup-shaped hole in the face of the aimour plate 

The bolt holes in the middle and real plates weie 4 in in diameter Those 
in the real plate tapeied towards the ieai to 3) in Tho buck part of tlio holes 
in the fiont plate also tapered The edges of all the holt holes were loundcd. 

The rear end also of each bolt had a spherical nut, fitting mto a cup shaped 
washei, formed by coiling and welding a l^-in by £-m bai, tho interim, of tho 
coil being boied out to suit the spherical form of the nut. This welded washes 
was further strengthened, on its outside edge, by means of another coil made out 
of a similar bar, but in this ease the coil was left unwelded The outside of the 
welded coil was chased with a thiead, pitched quicker than the inclination at 
which the coils were lound, and the interim of this unwelded coil being similaily 
thieaded, the two weie sciewed together, Theie was a |-m. elm washer under 
each of the iron cup washers 

This airangement of nut and washei is one which was pioposedby Lieutenant 
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English, R E , and is meiely a development of the plan adopted, at his sugges- 
tion, in the Plymouth Breakwater Fort experimental stiuctnre. Tho construc- 
tion of tile washois being novel and peculiar, some explanation may be useful 
Tho ob]octot the outei coil is of couise to strengthen the inner one against 
the hoisting stiams biought into play when the nut is drawn powerfully into 
it, and the icason of its being made without welding is that, in this oondition, 
tlieie is strong reason to believe the iron is better able to resist sudden strains 
than if it had been subjected to tho welding piooess The ooil, in this state, is 
also more free to expand, and so, although the innei ooil may buist, the outer 
will hold its walls together till it has itself been stretched to the utmost This 
giadunl action, too, is intended to relieve the bolt in much the same way as it 
would bo if a mass of elastic matenal were interposed 
The thread by which the two ooils are soiewed togethei is made of quicker 
pitch than their own winding, in older that, when the outer coil is strained from 
the inside, and so made to unwind itself from both ends, its several turns are 
obliged to follow the thread of the screw, by which, as a little consideration will 
show, they become squeezed closer and closer together as the expansion pi oooeds 
This action has really taken place, to a greatei or less extent, both m experi- 
ments with falling weights at compaiatively low velocities, and m the tual of 
the target now undei notice, as well as on othei occasions 
Returning to the desouption of the taiget itself, the 6-in intervals between 
the armour plates weie filled with a compound made up of oast lion bonngs, 
asphalte, bitumen, and pitch, mixed together hot, in much the same way as that 
used m the front part of the roof of the struetme representing Plymouth 
Bieak water Fort, and othei targets, already described 
The target was set up so that tho ends ot the front plate tested against tho 
edges of two aimour plates standing end on to the front, with then iear edges 
hearing against the face of an old ship’s side. These plates formed the only 
support of the target, if indeed we except, as for all practical pui poses we 
may, a packing of loose timber logs inserted behind the target, meiely to pre- 
vent the real plate fiom being thiown down altogether m the event of the 
armour holts not doing all expected of them This method of supporting the 
target by its fiont plate only was expiessly artanged with the view of throw- 
ing the gieatest possible strain upon, the holts It also had the effect of 
confining the concrete at the ends of the taiget A mass of old non was plaoed 
on the top of the target, to pievent the non conorete being diiven out in that 
direction 

The trial took place on the 4th Fehiuary, 1869 The gun used for the 
bccasion was the 12-in rifled muzzle-loading 600-poundei, placed at 20 yards, 
with a chaige reduced to repiesent full battermg charge at 200 yards 

The object was to get a round at this target that would compaie with round 
No. 1512, on the three-plate portion of the Plymouth Breakwater structure, as 
well as with rounds 1517 and 1509, against 15-m solid plates, reported in laBt 
year’s volume, at pages 204 and 205. 

On leference to the Table of practice against the Plymouth target, it will bo 
seen that the 12-in shot on that occasion buried itself to a depth of 12 in , that 
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is, up to tho fiont stud, and m iear pioducod a long crack 2’ in wide, and 
10 in deep. 

On the piesent occasion the shot having a 1 5 diameter head, struck with 
a slightly ledueed velocity— that is, 1,105 ft per second (against 1,177 ft on tho 
formei occasion) — lcpresenting an encigy equal to 5,091 loot tons, or 152 foot 
tons pei inch of shot’s gnth The numbei of tho lonud was 550 Tho shot 
hulled itself in tho target, until its base piojecttd 11 in beyond the face of the 
front plate Tho fiout plate was cinched from tho shot hole to the bottom of 
tho plate, and it wns buckled 4 1 m In iear no effect wlmtevci w as observable on 
the back plate beyond a slight goneial bulge of about 2 3 inches No bolts notes 
bioken Themnei v , elded coils of all theVasheis wcio cinched, and the un- 
welded outei coils had. unwound themselves a little The wood washers wero 
crushed 

The old aimour plate, against which tho proper right end of the target 
rested was thiown down, and the load of loose iron on the top was displaced. 

On taking the taiget to pieces it was found that the shot, in passing through 
the frout plate had broken away tho back of it, ovei an area of abont 2 ft m 
dmmetei, and to a depth of 2 5 m in tho deepest pait , that it had raised up 
a lemaikable bulge, oi lather a tiuncated cone, 0 in iu he ight, on the back ot the 
middle plate, the aieaof its base being about 20 in m diameter, and that of 
its top, whioh piessed against the fiont ot the real plate, about 10J m by 
7£ in Through the centie of tho non conoiete, foitnmg tho flat top of this 
bulge, the point of the shot protiuded sufficiently to produce an imptcssion m 
the face of the rear plate, in deep, and ot exactly the sue ot a sixpence The 
middle plate was also buckled about 4 5m 

With regard to tho bolts, thoy wero found to be reduced iu diameter from 
2’8 m. to 2 7, 2 6, 2 62, 2 73, 2 25, and 2 75 in respectively, and they wcio 
elongated from 32 in to 34 375, 34 5, 34, 33, 32-025, and 33-5 m They wcio 
bent from -3 to 9 ra in their length The bolt holes w tho middle plate wcio 
diawn into an oval form, mensunng 6 in by 4 in 

As to the non concrete, this nnsweied veiy woll indeed So largp a shot 
entering so small a taiget could not fail to break up and displace tho greater 
pait of the filling material, but that which did remain m front of the shot was 
extremely haid and solid, and forming a good support to the middle plate ex- 
tended the effect upon the rear plate ovei n laige suiface, and so pioducod 
results, whioh compared with those obtained in the othei instances above men- 
tioned, that is, with 16 m of plates in one and thiew thicknesses, cannot hut 
be regai ded as highly satisfactory 

The othei results obtained with the concrete, through its giving tho holts a* 
bettei opportunity of diawrag out than thoy can have in a stiuctuie wlicie the 
iron suifaoes aie dnectly m contact, and also flora its lehevmg tho plates of 
much of then- tendency to crack when so placed, aio of much impottanco. 

Altogether, this experiment was a highly successful one. 
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Second Target. 

It will icathiv bo understood that at the parts about the embiasuie in an non 
■wall, tho object is to get the necessaij stiongtli in tho least possible compass 
The ne\t step taken, therefoie, m this mattoi was to sot on foot an experiment 
to ascei tain wkethoi equally satisfactory results could be obtained with a less 
thickness of iron conoieto than was used in tho last taiget Also, ns the d'stii- 
bution ot tho matenal in that taiget had been aibitianly settled, it was definable 
to know whethei that could bo improved upon , and, fuitkcr, it became neces- 
saiy to consider the best means of lctaming m its place the concrete immediately 
about the embiasure m non fionts aid shields 

To settle these three points a now taiget was made, which may be described 
as follows — 

It piesonted a fiontmeasuiing 6 ft m length by 5 ft in height The armour 
plates were all 5 in thiok. The taiget may be divided into two parts Tho 
piopei light half of it was thus ananged Fust came the fiont plate, then in 
of iron concrete , next the second plate, then 6} in of conciete , and, lastly, the 
real plate. The piopei left half was made up of the fiont plate, m of con- 
crete, tho second plate, 1£ in of conciete, and the iear plate Thus the one 
half was the reverse of the othei The entire thickness was eveiy wheie 1 ft 
11 in , the aggiegate thiokness of concrete used being 8 in The front and iear 
plates weie eaoh m one piece Tho inteimediatc aimoui was iieccssauly in two 
pieces 

The target was held together by eight through-bolts The upper four 
weie sciewed all then length The lowei foui had plus threads at eithei end, 
the outside diamotei of whioh was 3 in , then shanks were leduced to 2 8 m 
On then front ends all weie piovided with sphencal nuts fitting into cup- 
shaped holes in the fiont plate, and in leai they had sphencal nuts and coiled 
washois of very neally the same pattern as iu the last taiget Between the 
coiled washers and the aimour there weie elm washeis, bound lound on then 
outei edge with hemp, so that the hemp was between the outei unwelded coil 
and tho plate. The holes in the middle thickness of aimoui weie 4 m in dia- 
meter Those in the front plate tapered towards the fiont from 3| m to 3J m , 
those m the leai plate tapeied towaids the tear from 4 in to 3| in. The edges 
of all the bolt holes weie lounded 

As to the means of retaining the oonorete on the sides of the target, repre- 
senting as it were the sides of an embiasuie, two methods weie tried 

That to retain the 0§ inches of conciete on the proper right end of the taiget 
-consisted of two vertical channel-lions, of seotion 5 m by 2 in. by } m , placed 
baok to back, and so making an H This was set m so as to be flush with the 
edge of the target , the ends of the channels passed through old plates laid un- 
dei and on top of the target, and were keyed there. 

That to letarn the 6i inches of conciete on the pioper left end of the target 
consisted of a piece of 2 in plate, 12 in wide, standing veitically against the 
end of the target, with its edge to the front. It was held by three 2-m. bolts, 
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3 ft, 6 in long, lunmng honzontnll) into tho coneiete behind tlic fiont nimout 
Tlie inner ends of tbe bolts weie screwed mto flat washu pieces, 8} in thick , 
the outBr ends weie provided with spherical nuts, fitting mto cup shaped holes, 
in the 12m by 2 m. plate 

The taiget was set up foi e\penment a slioit distance in fi out of an old ship’s 
target, ftom which it was blocked out, by means of ioitn.nl lion plunks on edge, 
against which the real plate of the taiget lasted at each end Tluu* was 
also a vertical block of timbei, 18 m by (i in , supporting the contio ot the icai 
plate, to make up, in some dogico, loi the uitci mediate uuuoui being ill two 
pieces 

There was an old piece of 3} in plate told undeu tho taiget, and another 
piece on the top of it, and these were bolted togctlici bj some cortical bolts, tho 
uppei ends of which were held hack by cyc-bolts to tho ship's side, to pi event 
tho target falling forwaids when stiuck 

The expenment took place on tho 4th and 14th June, 1809 The gun, tho 
range, charges, and projectiles, weie all the same ns in the other thue-plute 
target expei imenfc last dcscnbed, excepting only tbut in thc> second lound, tho 
shot had a 1 2d instead of l 5 diameter head 

The fiist lound No 1,864 was hied at the propel loft poition of the taiget. 
The shot stiuok dueot, 21 m fiom tho pioper left, and 23 in from tho top, but 
turned, on penetrating, tow aids the left side ot tho tai get, at an angle of 33° 'I he 
shot hole m the front plato was oval, measuung 16} in by 12} in , and was 
very muoh bruised on one side by the after pait of tho shot. Tho front plate 
was buckled 2} in horizontally, and 1} in vertically Tho rear of tho fiont 
plate was broken avvay, at the shot hole, over an aiea of 29 in by 20 in. Tho 
front of the centre plate was indented 4} in , tho impicssiou being oval, and 
measuring 10 in by 9 in. There were olachs in this impression , nml on tho 
iear of the plate a forked crack, 12 m long, running honzontally Tlieio was 
no impression made on tho fiont of the iear plate, but at tho hack of it there 
was a horizontal ciaek 8 m. long, on a bulge 3} m high Tho total pcuctia- 
tion was 1 ft 9m, measuring along tho axis of tho shot Tho I2-in by 
2-m piece on the side of tho target to iotain tho coneiete was forced out 3} m 
at the top, 2} m at the centre, and 1 m at the bottom, and it let some of tho 
concrete out. The 2-m bolts holdiug this letanung piece woro Bliglitly elon- 
gated, and the centre one, which was very nearly in the path of tho shot, was 
bent 6 inches. The two through bolts just abovo the shot vveio biokon 
The other round (No 1679) was directed at the pioper light portion of tho 
target, and struck dueot, 22 in fiom the top, and 22 in. from tho right. It 
tmned up at an angle of 20°, and also molmed about 6° towards tho proper 
right of the target. Tho shot hole in tho face of the front plate was 12} in by 
12} m , and no ciacks were observable The shot lemamed stickmg m the 
target , and at the rear of the fiont plate a cone, 24 m in diameter at tho base, 
formed round it There was a shallow crack on tho hack, extending to the 
right edge of plate, The indent in tho centre plate was about 18 in. by 18 m , 
and the plate split horizontally across, through the shot mark, The point of the 
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‘’hot protiudcd through an opomng of about 4 in m the shot maik The hack 
of tho centie plate was bulged ovci an area 24 in. in diameter The face of the 
lent plate was indented in by 3J m., and 1 m deep. On its back theie 
weie no effects obseivable Tho total penetiation was 1 ft 8 in The channel- 
nans, intended to hold in the concioto between the centre and lear aimoui 
plates, were bulged out about G inches, and twisted The two aimoui bolts 
above the shot wore bioken. 

The total buckle of the real plate, Horn the effect of the two rounds, was 
about 4$ in taken horizontally, and 3 m veitioally The flat plate laid along 
the top of the taiget was bulged upwards about 3 in in the centie The foui 
uppei aimoui bolts weie biokcn, as filieady stated, appaiently by cross stiams, 
the fiactuies being ciystalliue, one of them was bent about 4 m. Two of the 
front nuts were cracked, the outei coils m the uppei washers weie slightly 
stretched and unwound, but well closed up , the lower coils weie quite un- 
alteied , all tho wood washers were crushed up 
It cannot bo said that the insults obtained m this experiment were so entuely 
satisfaotoiy and conclusive, as in the fiist tbiee-plate target, for the deflection of 
the shot, after entering the taiget on this occasion, makes it difficult to compaie 
then effects with each othei, and with previous results On the whole, however, 
although the loss of 4 m of non concicte had piobably somewhat reduced 
the lesisting poweis of this auangement of plates, yet there was sufficient left 
to give very good lesistance in both louuds 
As regaids the two methods of placing the oonorete, there was not much to 
choose between them It is probable, howevei, that by plaoing the greatei 
mass between the second and thud plates, the bestiesult will be obtained, so far 
as the ioar plate is concerned, although there will he male tendency to crack in 
the fiont plate, than if the gi eater moss of concicte weie placed immediately 
behind it Peiliaps, aftei all, it will he geneially best to divide the conciete 
into equal masses 

As to the two plans of letaining the mm oonorete, enormous strains had to 
he met in each case, and neithei of them acted its pait completely Piobably, 
something answenng to the channel-uons, but of much stronger section, will 
make the best fiamefoi keeping the concrete in place around an embiasuie 
The experiment was, altogether, a very instiuctive one, and the fact of 
two rounds from the 23-ton gun, with battenug chaigos, at 200 yaids, having 
been filed with good account at so small a taiget, makes it a veiy lemaikable 
trial 

TA masonry wall strengthened by means of iron cramps and bolts 
This expeument, though less impoitant than others recoided in this papei, 
will he briefly noticed m ordei to dispose of the only lcmoramg piece of construc- 
tion of the group of oxpenmental works m masomy and iron set up at Skoebuiy- 
ness in the year 1864-0. 

Tho object of tbe ti ml was to ascertain whether, for woiks of secondary impor- 
tance, a masoury wall of cheap construction, that is to say, one composed of such 


M m 
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mat filial as concieto and buckwoik, can bo so combined with non in the cheaper 
foimsj such as flat bai and lailway mis, as to guc zesisluuco to nilnhry fno 
supenor to that gained by tlio sumo amount of money laid out on a null chiefly 
composed of liaider masonry, such ns gianito, piotected bv armom plates 

For tins purpose £5 10s was hied upon as the sum to bo laid out on each 
portion of tho wall consisting ol ono sqiuue toot ot limit Tico mill nil In hind 
it, and this, by the way, is about tlio cost ot a single fij-iu, pi itc without any 
backing oi support 

The giamte wall facod with airaoui plates, olsowhcio dcscubed in tins paper, 
waB calculated to cost a hko sum 

The following may bo taken ns a description of the cramp wall — 

Its entne thickness was 11 ft, 2 in , and its height 7 ft 8 ill, Its length was 
14 ft 3 m. 

It was made np of 6 tiers m height, each 1 ft G} in lugli Tlicio wtio 19 
oiamps of vauous soits as dcscubed below, m each tiei The width ot each 
cramp was 9 m , and thoy woro all made of 2 in non, 

Taking one tiei by itself it might be said to consist of a 14 m by fl in. rolled 
armoui plank laid hoi won tally on its edge, backed by a pile of si v double-headed 
railway rails, laid flatw-ays, and lunmng hoiizontillj the whole length of the 
plank. The small hollowB between tho mils worn tilled with bats ot suitable 
section 

The plank with its backing of mils was then wrapped lound, as it were, by 
the cramps m succession m the following mannoi — 

Starting with the lowei end of a eiamp, whioh turned up a few inches behind 
the railway rails, it passed fiom thenco under the mils and under the plank, 
round m iiont of it, ovei its nppci edge, and om the top of tho pile of rails. 
From this point one sort of cramp had its end turned down a aboil distance 
behind the rails. Another soit tailed o distance of about a foot into the w all, 
and then had its end turned up a few inches. Another tailed about 2 ft. into 
the wall, and was abo turned up. 

Immediately behind the ciamps of the dusonption first mentioned there weie 
\eitical railway roils in couples 9 in apart, the intei vale between the pairs being 
about 14 m Those uprights extended tho lull height of tho wall, and had slots 
in them at mteivals of 18 m. m their height, through which non Leys passed ; 
the lower key passed under the tail of tho cramp of the lowest tier, tho 
remainder ovei the tail parts of the ciamps of the successive tiers, so tying tho 
whole together fiom top to bottom ot the wall. 

The tinned up ends of the other cramps held honzontal railway rails that raji 
longitudinally the whole length of tho wall, and theso again were grasped by 
the turned ends of rails running from fiont to iear and acting as ties; some 
of these ties extended to the very back of tho wall, others went back a long 
distance into it, and all had turned down ends. 

The fiont pait of the mas omy wall itself was composed of Portland cement 
concrete for a thickness varying from 2 ft. 8 in. to 6 ft, , the remainder was of 
briekwoik m Portland cement. 
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Very littlo use hai mg been made of this wall since its election, it was de- 
cided to make its timl seivo anotlioi important puipose, viz .that of testing the 
qualities of a number of Pnlliser ptojcctiles, made in the Royal Laboratory De- 
partment, of vaiious mixtures of non, and by ditfoiont modes of manufacture 
As an exact analysis of this piaotico would not lead to any good, the piesent 
account will bo confined to a genoial description. 

Tho tnal took place on 16tb Februaiy, 1869 The 7-inch gun was used at 70 
yards range Nine shot weie filed with 9 lbs. eliaiges, and eight with 18 lbs. 
chaiges, making, with two piovious shot, 19 loundsm all The penetiations of 
tho shot filed with 9 lbs chaiges vaned Dorn 5 4 to 6 8 m. giving an average 
ot 5 9 inches The penetiationB of i!hose filed with 18 lbs chaiges vaned from 
8 5 to 12 0 m , giving an average of 10 3 in 
The cramps ciacked a good deal at the welds in then bends, and in some in- 
stances the entire fiont end of the ciamp bioko off The planks also were broken 
in some places, and the cramps Btaited out moie oi less wherevei hit Othei- 
Wise the penetiation was not gieat, and the genoial stabihtyof the wall not 
much distuibed. Still the construction involves too many parts, and is not to 
be lecommended. 

An instance of the remaikable qualities, that the Pallisci ohilled pi ojeetdes may 
possess, oocuned in the course of this piaotice, when a shot filed with a 9 lbs 
chaige, entered the non of the wall to a depth of 6 in , and, bounding back a 
distance of 26 feet, was found to be so peilcctly uninjuiod, and unaltered m 
form, that it was fired a second time, with the same chaige, against the same 
wall, and again did excellent woik, penetiating this time to a depth of 6 4 in. 

manufacture of broad armour plates 

As tho const! uotion of iron fronts and shields, especially the latter, came to 
be thoioughly considered, it was felt that much advantage would bo gamed if 
armout plates could be made of gieatei widtlis-, than had hitlieito been found 
practicable , m fnot, if they could be pioduced of dimensions laige enough foi 
one single plate to occupy the entile face of a slueld. 

Piactically the width of aimoui plates had been limited to about 6ft, m 
consequence of the difficulty of dealing with widei masses of iron in the furnace , 
and so great was tins difficulty, that although the leading aimoui -plate makers 
wore really anxious to undeitake the manufacture of broad plates, and were 
prepaiod to set up rolls of the ncoessaiy size, the appliances with which they 
wore already provided being ample m almost all othei respects, yet the uncei- 
tainty and waste attending the treatment of broad plates m the furnace seomed 
to place an msupei able obstacle in then way 
So the question might have remained foi a long time to come, but for a way 
of solving the difficulty which fortunately ocourred to Liout English, RE 
Up to that time, the moulds made for the last rolling of an aimoui plate weie 
necessarily of about the width required m the finished plate, the extension 
produced m the piocess of passing thiough the lolls being almost altogether in 
a longitudinal dnection. Under this system, therefore, the moulds to make a 
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finished plate, 8 ft blond, would have been tliomhclves8 ft bioad, and it was 
the difficulty of getting up the piopei heat thiougbnut a pilo or such wide 
moulds, without excessive burning of tho metal on the outer paits, that consti- 
tuted the sole obstacle abo\c alluded to 

The plan suggested by Lioutenant English w ns to keep the moulds within 
the width hitheito found piactienblo, that is, about 6 ft , nnd on bunging tho 
pile out of the furnace, fiist to 10 II it outlui width by passing it thiough tho 
lolls m the duection of its width, and then turning it halt lound to roll it ns 
usual for length This simple expedient, if not affording the only way of meet- 
ing the difficulty, has at any rate proved vc^y successful Thu fiist plate made 
in this way was idled by Sir J, Blown and Co , at tho Atlas "Works, Sheffield, 
on the 10th Febiuaiy, 1869, out of a pile ot five moulds, each 6 ft by 7 ft , hj 
3^ in They weie first passed thiough the rolls in the duection of the 7 ft. 
dimension, until this was mcieased to 8 ft Then the plato was swnug lound, 
and the lolling continued in the other direction, uutil it was leduccd to a plato 
16 ft long, 8 ft, wido, and 6 m thick The weight ot metal in this mass was 
about 10| tons Out of this was afteiwaids cut a plato 12 ft. long and 8 ft. 
Wide, that is, of the size leqmred to covei the ontiie faco of an oidinaiy gun 
Bhield 

To give some idea of the magnitude of tho opeiations involved in the manu- 
facture of such a plate, it may be stated that the rolls used weie 18 ft m length 
ovei all, 11 ft between the standnids, and 34 in m diametei, and that each roll 
weighed about 19 tons 

The plate produced on this occasion was purchased by tho War Department, 
and sent to Shoeburyness for pi oof 

Although the results given, when the plate was hung entuo in a swinging 
frame and struck by 7 in Palliser shot, weio somewhat contiadictoiy, jut this 
was evidently caused by tho plate being impiopoily held at fiist, for, subse- 
quently, a sample was cut from it of the dimensions of an oidmary pioof plate, 
and this, being subjected to the usual proof, was classod A 1, that being tho highest 
of the 9 figures of merit awardedin tho Shoehiuynoss pioof Other bioad plates 
have since been made by tho same company on this plan, and have been equally 
well classed in proof 

In conclusion, it may bo stated that there is now in couise of construction an 
experimental casomate-shiold, which is based upon the punciplus that have 
given the host results xn tho foregoing trials, and othoi wise embodies all that tho 
most recent experience recommends 

The tnal of this may be expeoted to take place at ShoeburyneBs, early m the- 
year 1870. 

T.I. 









